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PREFACE 

TO THE THIRD ENGLISH EDITION 

L. P. Clerc's La Technique Photographique was first published in 1926. It is at 
present in its fifth French edition. The first English edition appeared in 1930. 
It was the work of the late George E. Brown, Editor, 1906-1934, of the British 
Journal of Photography and an outstanding figure in this country's photographic 
hterature. The exceptional merits of La Technique Photographique have been 
acclaimed from the outset. It was unmistakably the first comprehensive textbook 
of photography built on modern scientific foundation^. It still represents a unique 
overall view of photographic theory and practice ; clear in its approach, consistent 
in its level and precise in detail. It required encyclopaedic knowledge, a singularly 
versatile grasp of science and technology, besides editorial skill acquired by long 
experience, to accomplish such a work. These were, of course, the very qualities and 
qualifications L. P. Clerc brought to bear on this task. 

L. P. Clerc is to-day 79 years of age ; a holder of the Croix de Guerre, 1914-18, 
Chevalier de La Legion d*honneur, honoured with the Progress Medal of the Royal 
Photographic Society 1950, a Member of the Sociiti Frangaise de Photographie et de 
Cinematographie since 1897, and of its Council since 1923, he is also an Honorary 
Fellow of both the Royal Photographic Society and the Photographic Society of 
America. Besides his activities as a scientific consultant to industry and leader of 
research in peace and war, teacher, lecturer and author, he has been for over thirty 
years editor of Sciences et Industries Photographiques. The abstracts regularly 
publivshed in this distinguished monthly are largely L. P. Clerc's own work and are 
printed from manuscripts written in a longhand as impeccably crisp as their coqlents 
excel by their brilliant clarity. 

To quote an eminent younger scientist who has done much/^alu^ble work cm 
the present English editions: “I cannot help being amazed at the depth of Clerc’s 
understanding. In the same way that he will write a wonderfully intelligible pr^is 
of one's own rather too lengthy and abstruse paper — ^thus putting one thoroughly 
to shame — so he succeeds in presenting the theory of each of the processes described 
in his book in crystal-clear form." The same writer also says: "The more I have 
seen of this book, the more have I been impressed. It could have been written pnly 
by a man of Clerc's calibre and experience. To compile a work in this way implies 
having a bird's-eye view of the whole field such as none of the y«mnger generations 
possess or can ever hope to possess — ^we are all much too specialised." » 

The last remark offers the key to the present English edition. A second English 
edition having been published in 1937, followed by five reprints, the need for revisions 
in the light of recent prog^ss became urgent soon after the war. No revised French 
edition being as yet available at that tirne^ the publishers accepted my recommendd.- 
tion to employ a panel of experts for revising the chapters that covered their re- 
spective fields of work. That no less than seventeen scientists and other writers 
had to lend their assistance is as obvious a confirmation of L. P. Clerc's achievement 
as the polyhistor of jfiiotography as was the request of the contributors not to have 
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their work individually acknowledged and so not encroach on the author's 
uniformly respected authority. 

The gesture of my collaborators in wanting to r^ain unnamed calls for an 
explanation of my own functions as an editor. These were confined to planning, 
administering and supervising the work which I would have been quite incapable of 
carrying out on my own. Thus my name on the title page signifies only a formal 
responsibility whici I felt was a duty and privilege to accept. 

This new edition differs from its predecessors in some respects. Technical informa- 
tion has been brought up to date throughout the book ; in the course of this, certain 
chapters — for example, those on processing and colour — ^have been appreciably 
extended. New matter has been absorbed from the latest French edition reaching 
this country while the English revisions were in progress. The terminology which 
earlier had suffered in places by translation from the French, has been brought more 
in step with English practice and will now be found, it is hoped, reasonably uniform. 
Many of the footnotes which earlier editions tended to accumulate are now incor- 
porated in the main body of the text. The somewhat sketchy marginal chapters on 
cinematography and radiography, and the tabulation of historic dates have now been 
dropped from this English edition. A new, very detailed index has been compiled, 
to do fuller justice to what is — ^in spite of its illustrious author's protestations to 
the contrary — a work of truly encyclopaedic scope. 

A. KRASZNA-KRAUSZ 


AUTHOR’S PREFACE 

To inveigh against theory, even in the most elementary arts, proves only the ignorance of the 
inveigher. It is not the profoundness of the theory, but its impeimtions. that should be blamed for 
the iU effects that so often follow its working out in practice. . . . Many data regarding the needs 
to be satined, the means of satisfying them, the time and expenditure involved, that are perforce 
ignored within the field of mere theory, come into the problem of working out a practical application. 
By bringing these factors into play with the sldU that marks practical genius, it is possible both to 
extend the narrow limits within which prejudices against theorising tend to confine the arts, and to 
guard against the mistakes to which an unskilful use of a particular theory may give rise. 

— CoNDORCBT {Tablsau d§s FrogrU d§ r Esprit kumain, 1793) 

This book does not represent an attempt to compile an encyclopaedia, a work of 
a kind which is always loaded with descriptions of obsolete methods and appliances 
and the details of numerous applications of interest only to a few technical people, 
liie author’s aim has been to bring into one volume as complete a treatise as 
possible on modem working methods and apparatus in conjunction with the mini- 
mum of theoretical considerations which he considers necessary for their proper 
understanding. 

The beginner is recommended to study at first the parts of practical instruction 
which he requires, and to postpone a reading of the whole work until he has acquired 
some practical experience. In the interval he can make use of the book in the 
manner of a dsctionary, by aid of the full alphabetical index at the end 

Objection may be taken to the absence of bibliograidiical references. But sudh 
references would have been exceedingly numerous and would have added consider- 
ably to the already huge number of pages without much advantage to most readers. 
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Therefore the references have been confined to a mention of the names of the authors 
(and dates) of various discoveries, improvements, and experiments, a plan which 
at any rate will serve to narrow down ^e scope of any bibliographical search which 
some readers may wish to carry out. 

The author's professional duties for thirty years past have rendered it necessary 
for him to read nearly everything which has been published bn photography in 
the technical journals of the chief countries of the world, and to esqieriment or 
supervise experiments in regard to a large number of the data thus collected. In 
a certain measure therefore this work may be considered the work of all ; and the 
author would excuse himself to experimenters and writers whose ideas and recom- 
mendations have been mentioned, possibly without acknowledgment. 

Since the publication in 1926 of the original French edition, the author has 
made a considerable number of additions and corrections which are embodied in 
the present English translation. 

The author desires to express to the translators and editor of this volume his 
sincere thanks for the evident care with which their work has been done. Their 
critical comments have enabled the author to correct several errors in the original 
edition. 

L. P. C. 
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INTRODUCTION: VISION AND PHOTOGRAPHY 

CHAPTER I 
UGHT AND COLOUR 

I. White Light. The illuminant which is usually wavelength becomes shorter are — short-wave 
considered normal for both visual apd photo- radio, radar, heat-therapy, long-wave infra-red, 
graphic purposes is the so-called "white light.’* visible light, ultra-violet light, long-wave X-rays 
This can come from a number of sources or which penetrate only soft materials, short-wave 
combinations of sources, but in all cases will X-rays of high penetrating power, gamma 
have similar properties. If a beam of white radiations, and perhaps cosmic ra3rs from the 
light be passed through a prism of glass or other upper atmosphere. All these are radiations in 
suitable transparent medium it will be split up. which there is an electromagnetic strain, which 
into its component colours. The spectrum, or can be produced without any matter being 
band of colours produced by the prism, can be present to conduct it. This is in contrast to 
seen to consist of three main regions, each of sound waves which are purely mechanical vibra- 
which blends gradually into the next, over two tions of matter and therefore need matter to 
narrow transition regions. The three broad transmit them. Sound is not transmitted 
divisions are the blue- violet, green, and red. through a vacuum, as is electromagnetic 
Between these bands occur the transition radiation. 

regions of blue-green and yellow. This is best The wavelength of the radiation is dependent 
seen in the spectrum formed by a diffraction on the frequency. There is one velocity for all 
grating, which does not spread out the colours forms of electromagnetic radiation passing 
unequally as does a prism but gives an evenly through a vacuum. As each form has its own 
spaced spectrum. particular frequency the wavelength is siximly 

Light appears white when the amounts of the velocity divid^ by the frequency. For 
blue, green, and red are approximately equal. If example, if the velocity is 3 x 10*® metrea per 
there is one part of the spectrum which pre- second and if the frequency is 6 X 10“ cycles 
dominates then the light appears coloured. per second, then in each of these cycles the u^ve 

When a spectrum is carefully examined it will must travel 0*5 X lO"® metres and this is the 
be seen that the three primary divisions are wavelength. This is the wavelength of green 
purely arbitrary; the bands can be further light. The universal symbol for denoting the 
divided, as is often done, into violet, indigo, blue, wavelength of light is the Greek letter A (lambifa). 
gre^, yellow, orange, and red. Further sub- Wavelengths may be specified in any of several 
division leads to such vague terms as bluish- units. 

green, reddish-orange, and so on. When this As the very early researches into light radia- 
stage is reached it is no longer possible to specify tion were of low accuracy it was not necessary 
a colour accurately by name, since the naming to use many significant figws and in fact 
of colours is dependrat on memory-matching, /ravelengths were specified in microns {u = 
and few peoi)le have this ability. However, it is 1/1,000 mm) and the spectrum ranged trom 
possible to identify a spectrum odour by a 0*4 to 07 The reseai^es of Angstrbm into 
perfectly accurate descri^ion. Light is one of sp^troscopy opened up a field in u^iich the 
the many forms of dectromagnetic radiation wavdength of spectral lines had to be Very 
of a Sirave^fonn nature. Cdours can therefore prectsdv defined. As a result the Angstom 
be specified thdr wavdength or by a band units (A « 10^^ mm) were introduced, the spec- 
of wavdengths. trum ranging from 4,000 to 7,000 A. For the 

a. Ugfrt Wav es - W avelfcogth. Everyone is purposes of less accurate measurements of the 
famiHar with dectromagnetic radiation in wavdength of radiation it is sufficient to use a 
^nmexion with n 4 io reodvers. Other forms of third unit, the miliimicmn (m^u » xo’® mm), 
wetromagnetk raffiatlon, listed in order as the and in these the spectrum ranges from 400 to ^ 
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700 m/i. In Fig. i.i is shown the distribution 
of wavelengths in a linear spectrum and the 
colours which are commonly attached to these 
broad regions of the spectrum. 

3. Spectrum Lines. The spectrum formed by 
dispersing either sunlight or artihcial light such 
as that from a tungsten-filament lamp, gives a 
spectrum in which there is continuous gradation 
of colour and brightness from one end to the 
other. If, however, the light comes from an 
electric current arcing between two electrodes 
then we have departed from the normal method 
of heating up matter to make it radiate. The 


In 1931 the International Committee of Illu- 
mination specified such a standard curve, based 
on much accurate work using the above methods. 
Recent researches show that this curve is not an 
accurate statement of fact for the blue part of 
the spectrum. More precise measurements have 
indicated a variation from the smooth curve due 
to pigmentation in the macular region of the 
retina. This is another characteristic which 
varies between observers. The curve for the 
standard observer will, however, stand for a long 
time yet. 

The curve for daylight illumination has its 



Fig. 1.1. Distribution of Colours in the Solar Spectrum with Absorption (Fraunhofer) Lines to S 


arcing or discharge Ls so violent as to cause 
disturbance within the atomic structure of the 
materials. The disturbances result in the elec- 
trons increasing their energy in certain specified 
and well-organized ways. This condition, how- 
ever, is unstable and eventually there must be a 
return to the former energy level. As the elec- 
tron does this it radiates as light the energy 
which it absorbed in rising to the higher levels. 
This light is radiated at a given frequency and 
therefore has an associated wavelength. In the 
atomic structure there are a number of levels 
and interchange can go on between many of 
these. Each of these will produce a radiation of 
specific frequency. 

As a result, the spectra of these sources are 
restricted to a numl^r of narrow bands at par- 
ticular frequencies which are characteristic of 
the materials used for the electrodes. These 
narrow bands are called spectrum lines. The 
photographic applications of discharge or arc 
sources vnll be dealt with later in more detail. 

4. Ltimuiosity of Different Spectrum Colours. 
If a number of people are tested so as to ensure 
that they are not colour-blind, it is possible, by 
a aeries of experiments, to comjMle a series of 
curves which represent the sensitivity of their 
eyes to different wavelengths. These graphs will 
differ from one to another slightly, and an 
average curve can be drawn. This curve can 
also be thought of as representing the luminosity 
of different spectrum colours as seen by the eye. 


maximum luminosity in the yellow-green at 
555 m//. At night, however, the eye functions 
by another mechanism ; one which is not opera- 
tive in daylight because the high intensities of 
light destroy the responsible photochemical 
agent. Daylight vision does not function at 
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Fig. 1.2. The Luminosity Curves op the Eye 
FOR Day and Night Vision, showing the Shift 
IN Maximum Intensity 

(PuTklaje shift) 

levels of brightness below that of moonlight, at 
which night vision takes over. Night vision has 
no colour sensitivity. It has a luminosity curve 
which is similar in shape to that of daylight 
vision, but the wavelength of maxonum 
luminosity is displaced from 555 to 515 
(Fig. 1.2) This shift is known as the I^rkinje 
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shift. T^e only significance of it in photography ture is raised so the energy distribution moves 
is that it is fully used in darkrooms where the towards the shorter wavelengths, that is, towards 
illumination is low. The darker green safelights the visible region. For all the radiators which we 
which we used for fast panchromatic materials can make, such as tungsten lamps, the wave- 
are designed to tr^smit a light to which the length of maximum output is still in the infra- 
eye is most sensitive and therefore it is blue- red, and so most of the radiation is not visible. In 
green light of wavelength 515 mpL which these the case of tungsten lamps operating at a colour 
dark panchromatic screens transmit. temperature of 3,000“ K., over three-quarters of 

Later it will be necessary to discuss the the energy is infra-red, which we feel as warmth, 
methods adopted for the accurate specification and only 10 per cent m the visible region. The 
of colours, but here we need only discuss 
briefly those properties of the eye which are the 
basis of colour vision. In the retina of the eye 
there are three types of receptors. These 
receptors are, we presume, cells which contain 
photochemical agents which produce electrical 
discharges to the nerve fibres when light of a 
certain quality falls upon them. We know that 
there must be receptors which are mainly 
sensitive to red, green, and blue light. Each of ^ 

these receptors is, of course, sensitive to all ^ 

of the colours of the spectrum, and as a result c 
whatever quality light reaches the eye all three 
receptors are stimulated to a varying extent. 

The number of mixtures which can be obtained 
by varying the amount of these three sensations 
is obviously much larger than would be possible 
if the three sensitivity regions overlapped only 
slightly, for it is only where the overlap occurs 
that colour sensation can be produced. These 
colour receptors are present aU over the retina 
of the eye and are the only ones in the central ^Bvelenqth m/x 

region, which is known as the fovea. Outside the Pjq, Spectrum Energy Curves of Black- 
central region, which is known as the extrafoveal body ^dxators of Different TempbratureI 
or parafoveal area, the night-vision cells begin 

to appear and this is the reason why one has to amoimt in the ultra-violet is negligible. How- 
look to one side of an object at night-time in ever, the light from the sun contains a coA- 
order to be able to see it distinctly or even see siderable proportion of ultra-violet light. Fig. 
it at all. 1.3 shows the relative properties of the energy 

5. Ultra-Violet and Infra-Red Radiation. The content of light sources of different colour 
human eye is sensitive only to a small part of the temperatures. 

radiation which may fall on it. Radiation The glasses generally employed in the con- 
generally is produced when a body is energized struction of optical instruments transmit the 
or heated. Any material, when heated, emits ultra-violet down to about 350 m^. The limit 
electromagnetic radiation, the quality and the extends further to about 320 mfi m the case of 
quantity of which follow certain fundamental certain special glasses (Uvjol). Thanks to the 
laws of physics which have been elaborated by absorption of our atmosphere, the solar spec- 
Wien and Planck. One of the laws which has trum ends at about 300 m/i, which fact woteubts 
been derived is particularly interesting. This us from the very dangerous physiologies effects 
states that the product of the wavelength at of the shortest wavelength radiations. These 
which the energy is greatest and the temperature can be produced by arcs between m^tal elec- 
of the body In de^ees Kelvin^ is a constant trodes and transmitted by quartz (rock crystal) 
value. It follows from this that as the tempera- down to about 200 m/a, which is also approxi- 
^ Dsgnet Kelvin » Degraes Centigrade -{- 273. The mately the limit of transparency of gelatine. By 
Kelvin ecale etarts at - ajgX. means of suitable apparatus (rweeiton gratings 





JPHOTOGRAPHY: THEORY AND PRACTICE 


m vacuum), and by o^ng sensitive emulsions 
Vrithout gi^tine, it has been possible to study 
photographically the ultra-violet down to about 
10 mfit where it joins the X-rays. 

Quartz lenses, used in conjunction with Alters 
which transmit only ultra-violet, are employed 
in certain special applications of photography. 
A filter suitable for this purpose is a thin film 
of silver. In photographs obtained with these 
radiations alone, glass objects appear com- 
pletely opaque ; certain white flowers and pig- 
ments are indistinguishable from pure blacks, 
and, further, no background and no shadows 
appear in a landscape photographed in bright 
sunshine. The photograph looks as if it were 
taken in a dense fog (R. W. Wood, iqio). 

The infra-red. which extends the visible 
spectrum beyond red, was of no photographic 
interest for a long time, its effects being chiefly 
thermal. Since the discovery of sensitizers 
(§ 2x8) for infra-red which are sufficiently easy 
to handle (E. Q. Adams and H. L. Haller, 1919 ; 
H. T. Clarke, 1925,) it has been possible to place 
on the market plates and films for infra-red 
photography up to 1 to i-3/x. These sensitive 
emulsions must be kept and manipulated with 
special care. The extreme transparency of the 
atmosphere for infra-red has enabled photo- 
graphs to be taken, with these rays only, of 
landscapes up to 330 miles distant from a high 
viewpoint. If all radiations of wavelengths 
below 700 m/u are eliminated, green foliage is 
reproduced as white as snow, owing to the in- 
tense fluorescence of chlorophyll with a maxi- 
mum near 740 (C. Dehre and A. Raffy, 1935), 

and as the blue of the sky is rendered as black 
and there is no shadow detail the landscape 
photo^phs thus taken in sunshine with a clear 
sky give an impression similar to that of a 
photograph taken by moonlight. 

6. CokNirs in Nature. So far we have con- 
sider^ only light and the colour of light given 
out by incandescent bodies. But by far the lar- 
gest part of our knowledge of the world about us 
results from our seeing of objects which are 
not self-luminous. With few exceptions we see 
things by the light which they reflect, although 
the nght in the first instance is emitted by an 
incandescent soufice. 

The manner in which the surfaces of any 
object reflect the incident light decides the 
appearance of that object. The surface may 
vary from highly polished to absolutely mat; 
when highly pdmed, the light is reflected 
directly, as in a mirror, with a mat surfoce the 


incident light is diffused by the broken surface 
structure. The amount of the incident light 
which is reflected decides the surface brightness 
of the object. A light-toned surface reflects a 
large proportion of the light falling on it, a dark 
surface only a little, the remainder being 
absorbed. The absorption capacity of a surface 
depends not only on the nature of the surface, 
but in most cases varies with diflerent wave- 
lengths. Principally this is what decides the 
apparent colour of any object we see. The 
colour of non-luminous objects is the result of a 
subtraction process. A piece of red paper looks 
red because it absorbs the blue and green parts 
of the light falling on it, and reflects only the 
red. Similarly a green surface appears green 
because it absorbs blue and red. 

However, the colours of the world around us 
are never monochromatic, for they always con- 
sist of reflections of broad bands of the spectrum. 
In general the brighter the surface appears the 
wider the spectral band it is reflecting. The 
yellow region of a spectrum is a very narrow 
band at the overlap of the red and green at 
wavelengths around 600 m/x. But if a yellow- 
coloured object were reflecting only this narrow 
band it would be very dark, since most of the 
incident light would be absorbed. Yellow 
pigments reflect all of the red and green regions 
too. Yellow is the result of stimulation of both 
red and green receptors in the eye. 

The table given below shows the absorption 
and reflection characteristics of some common 
artists’ colours. 


Colours 

Spectrum 

Regions 

Absorbed 

Spectrum 

Regions 

Reflected 

Ultramarine 

Green and Red 

Blue 

Peacock Blue 

Red 

Blue and Green 

Emerald Green 

Red and Bine 

Green 

Cadmium Yellow 

Blue 

Red and Green 

Vermilion 

Blue and Green 

Red 

Carmines and 

Green 

Red and Blue 

Pnrples 




The table shows the existence of colours which 
do not appear in the spectrum. Since the red 
and blue wavelengths apj^ar at oppoaite ends 
there is no point at which the two oveckp. 
Consequently mixtures of red and blue are never 
seen in a spectrum. 

7. The AccuiateDescmfllen 
Objects. For simi^ty tnecolom ktW tt^ 
in the above section have been described 
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division of the spectrum into three and indicating 
only reflection or no reflection (absorption). 
For scientific work (and this includes colour 
photography) a more precise method of des- 
cribing the composition of a colour is needed. 
By measuring the amount of reflectance of a 
colour for all wavelengths throughout the spec- 
trum a graph can be plotted which describes a 
colour more accurately. But the light which 
shines on the coloured surface must also be 
considered. To take an extreme case, a red 
light shining on a yellow surface, would be 
completely reflected and the surface would look 
red. The same surface in a green light would 
look green. In neither case could it appear 
yellow, since one of the two bands of wave- 
lengths necessary to stimulate both red and 
green receptors of the eve and show yellow, was 
absent in each case. In normal circumstances, 
of course, the light would contain some quan- 
tity of all wavelengths, nevertheless the dis- 
tribution of quantities must be considered. 

The International Commission on Illumination 
in 1931 regularized the situation by setting up 
international standards of illuminants. These 
light purees are standardized to give certain 
quantities of light at all wavelengths through- 
out the spectrum, i.e. their light is of a specified 
spectrum energy distribution. The basic light- 
source is a tungsten lamp operating at 2,848°K. 
This is called S^, for "artificial source." The 
spectral quality of this artificial light source is 
then modified by passing the light through 
coloured liquids of high stability. These give 
three other standard light sources. These are Sg 
(corresponding to British daylight) and Sq and 
Sjj (American daylights). The liquid filters used 
are called Davis-Gibson filters after their 
designers Davis and Gibson of the National 
Bureau of Standards of America. 

There is a third factor which must also be 
taken into account before we can accurately 
describe the comp^tion of a colour. Since 
colour is a subjective phenomenon the sensi- 
tivity of the eye must be taken into account. 
This inunediately raises the difiiculty of the 
vatyiM response of the human eye. A further 
part of ^ work of the International Commission 
on niumma^n in 1931 was the specification of 
the so-called "standa^ observer." In the same 
TOy as the overall sensitivity curve of § 4 was 
dra^i three ^standard curves, representing the 
sensitivities of the three receptors was calcu- 
lated. (Fig, 14), 

Now th A afl necessary factors axe known« they 


have to be combined and the results shown in 
the convenient form of a graph. 

The graph- of the reflectance of the colour at 
each wavelength is taken and the values for each 
wavelength are multiplied by the amount of 
light emitted by the light source at that wave- 
length, from the spectral energy distribution 
curve. Tlus value is then multiplied by the 
relative stimulation of the eye at that wave- 
length, from the I.C.l. curves. This last opera- 
tion is carried out for all three receptors of the 



Fig. 1.4. Thk Relative Stimulations or the 
Three Receptors of the Standard Observer 
TO Light of Different Wavelengths 

(I.C.I. Standards) 

eye, and as final results we obtain the relative 
stimulations of the receptors. We then charac- 
terize the integrated stimulations for each 
receptor by the letters X, Y, and Z for the red, 
green, and blue. If the sum of these stimulatioiis 
is divided into the separate stimulations then 
we obtain values which always add up to one. 
These values are represented by x, y, and z. It is 
therefore only necessary to define two of these 
v^Jues as the third one is always the difference 
iMstween unity and the sum of Uie first two. As 
we need to specify only two we can plot these 
two graphically. We may, for example, plot x, 
the red value, along the horizontal axis, wit^ a 
maximum value of i, and vertkally y, the gieen 
value, which again can only have a maximum 
value of I. If now all the colours of the q>ectram 
are plotted eadi separatdy as if the v were the 
only ladiation faUix^ on toe eye, as m Fig. 1.5, 
then we sboutd flna that parting with the red 
end of the spedkruiu wfaJoh #tnild give us nearly 


4 
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the maxunum value of i on the x scale, we 
should move towards the top end of the y scale 
as we move towards the green. As we move 
from the green to the blue so the position of the 
points on the graph would move towards zero 
on both scales because neither the green nor 
red receptors would be very much stimulated 
by the blue light. We shoidd come to a point 
where of course the light is no longer visible and 
no further points can be plotted. By drawing a 
straight line between the two ends of the curve, 



x(r§d) 


Fig. 1.5. Thb l.C.I. Colour Triangle showing 
THE Loci of Black-body Radiations op Differ- 
ent Colour Temperatures and the Spectrum 
Locus 

the blue end and the red end, we shall obtain 
a rough triangle. All the colours are formed by 
mixtures of the spectrum colours and therefore 
all colours lie innde this triai^le. White light 
ilfuch k a fairly uniform mixture of all the 
spectrum colours lies in the centre. Any colour 
can now be plotted on this diagram, and the 
position on the diagram specifies the colour 
precisely, exc^t for its brightness. 

As'^fhe position of the colours or, as they are 
called^ the chromaticity values, move from the 
white point towards the boundary of the colour 
re^on, the proportion of spectrum colour in the 
mixture increases. We then say that' the 
saturation or purity has increased. This 
supposes that any colour can be matched by a 
mixture of white light and a spectrum colour, 
and so far as the appearance is concerned this 
is correct. Furthermore, it means that more 
than one make-up for a colour cau be represented 
by a single point on the colour triangle, because 
it is only the overall effect of the spectral 


reflectance curve that is represented by the 
chromaticity value and not the particular 
spectral reflectance curve. The spectrum colour 
which together with white can be used to define 
the colour under consideration has a deter- 
minable wavcdength which is known as the 
dominant wavelength. It follows from the rules 
and definitions of colorimetry that to obtain the 
dominant wavelength it is only necessary to 
draw a straight line through the white point and 
the colour and to note at what wavelength it 
intersects the locus of the spectrum colours. 

As well as pigmentary colours, the colours of 
incandescent materials can also be plotted on 
the diagram. The chromaticities of black-body 
radiators if plotted in the colour triangle form 
a smooth curve which extends from the red 
colours through the white to the blue colours. 
The common sources of illumination for colori- 
metry can be located on or near this black-body 
locus. (a tungsten lamp at 2,848®K) falls on 
the locus, and the other colours which are 
defined by the effect of hquid colour filters on 
the above source fall at points which are slightly 
off the locus and situated further towards the 
blue end. 

8. Colours by Transmitted Light. In addition 
to the modification of white light by pigments, 
we can also observe that transparent media can 
effect a change. This is a much more easily 
visualized process, for if we shine a beam of 
white light through a piece of red glass, for 
example, we can see that all other parts of the 
spectrum have been subtracted from the beam 
which emerges from the other side. The light is 
not diffused in its passage through such a 
material, but parts of the spectrum have been 
absorbed by the dye which it contains. Dyes 
can be made which will absorb light in almost 
any part of the spectrum. The dye chemicals 
have a certain molecular structure in which 
electrons are assumed to resonate. Each struc- 
ture has its natural frequency at which it will 
absorb a great deal of energy. This leads to an 
absorption band in the spectrum. By incor- 
poratmg several dyes it is possible to eliminate 
parts of the spectrum until selected portions 
only are transmitted. Such selective absorbers 
or Alters are of great practical importance in 
photography and are usually made by incor- 
porating dyes in a warm gdatine solution and 
casting it into thin sheets. Alternatively, the 
dyes can be incorporated into glass during 
manufacture, but only a restricted range m 
colours can be obtained by this method since 
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the temp^ature at which the colouring matter 
most be incorporated imposes a great many 
restrictions. 

A given light-filter absorbs a constant 
proportion of the wavelengths which fall on it, 


irrespective of the intensity. The characteristics 
of a filter are generally shown graphically. The 
absorption is plotted on the vertical axis on a 
logarithmic scale, against wavelength 
on the horizontal scale. Fig. 1.6 shows 
such a graph. Instead of absorption, 
the transmission of the filter is some- 
times shown, but there is no essential 
difference between the two methods 
since the absorption density is related 
to the transmission by the formula 
D = 2 — logjo r, where D is density and 
T is transmission as a percentage (§ 15). 

A density of o*o corresponds to a trans- 
mission of 100 per cent, a density of 
1*0 to a transmission of 10 per cent and 
so on. If two filters of different colours 
are together placed in the path of a 
beam of white light, their combined 
transmisrions are the product of their 
individual transmissions at each wave- 
length. On the logarithmic scale of 
ab^rption density this means that 
their respective absorptions are added. This 
is shown graphically in Fig. 1.7. In Fig. 1.8 
the same curves are shown plotted as trans- 
mission percentages. 

In practice it is of no importance where in the 
light*path the filters are placed since a filter is 
constant in its absorption characteristics. There 
would be no difference in effect between a filter 


placed over a light-source and the same filter 
placed over the camera lens. 

9. Practical ^ht Souroes. One of the most 
important considerations in photography is the 
source of light, for the performance of the 
material and the tone-rendering of 
the subject depend enormously on 
the choice of illuminant. The illumi- 
nants can be divided into natural 
2 and artificial. Daylight which comes 
I from the sun is reasonably constant 
^ in its colour quality. There are a 
^ number of factors which influence 
I the final conditions and which ap- 
I parently make daylight variable. 
I Direct daylight or, more precisely, 
sunlight, is. the constant factor and 
on this is superimposed light which 
may be scattered by clouds or mist 
and also blue light which is scattered 
from the outer atmosphere of the 
earth. The amount of blue light 
which is scattered varies with the 
direction from which it is coming 
and therefore the resultant effect depends on 
which part of the sky is most effective in illu- 
minating the subject. In the shadows formed 


by the sun the light is very blue and has a 
decided effect on the colour rendering of colour 
film. Where ex^ct colour reproduction is aimed 
at, as in colour photographic processes, and when 
it is necessary to take the photographs out-of- 
doors, it is essential that theaspect of the lighting 
be considered carefully. 

There is probably rar mm scope in the field 



Fig. 1.6. Transmission Curves ok a Series of Filters 
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of artificial illmninants; iwent developments in 
this fidd have not yet been fully explored by 
I^Mito^phers. The sources which are termed 
artificial can be very broadly divided into two, 
incandescent lamps and discharge arcs. 

The incandescent sources are those which are 
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Fig. 1.8. Transmission Curves of Two Filters 
WHEN used Together 


it to give up their energy in the form of heat. 
The cathode becomes very hot and will then 
radiate light. This is the form of the high in- 
tensity carbon arc which is of extremely high 
efficiency because of its very high colour temper- 
ature. The high temperature means that the 

— energy distribution is such that the. 

source is predominantly blue and lack- 
ing red. In order to compensate for the 

lack of red light salts of various metals 

such as strontium, calcium, and sodium 

are introduced into the core of the car- 
bon rod ; the lamp is then described as 

a flame arc. The metals bum in the 

flame of the arc and emit their charac- 
teristic spectral light. Carbon arcs are 

usually operated on direct current sup- 

plies in series with a resistance which 

consumes more than half of the electrical 
energy. Even so this type of lamp is 
■ ff r rTTJ still much more efficient for producing 
^ light than any other. The great advan- 
tage in operation is that they can be 
struck instantly and with an auto- 
matic feed will run for hours until the 


heated to a high temperature in order to 
produce their radiation. As the temperature is 
increased so the amount of light emitted and 
thus the efficiency increases for photographic 
purposes. The temperature can be raised until 
the substance is atoost melting in order that 
the efficiency shall be a maximum. Unfor- 
tunately, however, all substances have vapour 
pressures which increase with the temperature. 
This implies an increasing rate of evaporation 
and means that if the source is in the form of a 
filament it becomes increasingly fragile and 
finally susceptible to shock or unusual rise in 
temperature, which causes it to melt or break. 
That is briefly what happens to (tungsten) 
metal-filament lamps. The higher the tempera- 
ture ft which the lamp is worked (by the use 
of hi^er voltages) the higher the photographic 
efficiency and the shorter the life. 

A wi(&y used type of source is the carbon arc, 
whkh is part discharge and part incandescent. 
Carixm is a conducting material and if two 
carbcm dectrodes tom^g one another are 
^aced in series ^th a resistance and a current 
passed through them then an arc is formed when 
the carbons are separated. The current is carried 
by a stream of electrons and iims which bombard 
carbons whidi slowly bum away, mostly 
frofn the cathode. The cathode at a higher 
ventage attracts the carbon ions, which mch 


carbons are burnt away. Arc-lamps are used in 
the film industry for studio work and also for 
projection. 

The remaining sources of light are the dis- 
charge arcs and fluorescent lamps, and for these 



Wevelength in 

Fig. X.9. Spectrum Energy Distribution 
Curves of Various Light Sources, all of 
WHICH, ON their OWN, APPEAR TO PRODUCE 

White Light 

the metal mercury plays a prominent part. If a 
globule of merci^ is sealed m a partly exhausted 
vessel it is possible to start an arc between two 
electrodes inside the vessd. The discharge 
produces heat whidi in turn vaporizes more 
mnxmry and provides a greater discharge of 
energy. This continues until the of^mmm 
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conditions of temperature and efficiency are 
obtained. Unlike the incandescent sourdes the 
mercury atoms are disturbed in a definite manner 
which depends on the atomic structure (see § 3). 
The light from discharge sources is thus in the 
form A spectrum lines or emission spectra. 

Mercury has two yellow lines very close to- 
gether at 578 mfi, a green line at 546 m/Li, a blue 
line at 435 mfi, and a violet line at 405 m/z. It 
has no inte-red, but numerous ultra-violet lines, 
the two best known being at 365 m/z in the near 
ultra-violet and the resonance line at 254 
which accounts for a considerable proportion of 
the energy radiated. As temperature and pressure 
are increased, the efficiency increases and more of 
the light is radiated in the visible than in the 
ultra-violet wavelengths. The latest design of 
lamps utilizes cadmium metal, which besides, 
spectral lines in the blue and blue-green has a 
very strong line in the red, thus compensating 
for the lack of red in the mercury arc. These 
mercury-cadmium lamps have been produced 
for very high wattages and efficiencies which 
make them comparable with the best carbon 
arcs. Furthermore, the sources have been made 
very compact so that they can be incorporated 
into spotlights and projectors. 


If the inside of a tube in which there is a 
mercury arc is coated with a fluorescent powder, 
the ultra-violet radiation is absorbed by the 
powder which then re-emits the radiation as 
visible light. The efficiency of this process is very 
high if a low pressure arc is used in which the 
majority of energy is radiated in the ultra-violet. 
Usually three powders are used in the fluorescent 
tubes, to produce either cold daylight or warm 
white light, which are comparable to true 
daylight and artificial light respectively. These 
lamps are very often used to supplement day- 
light in places like art galleries, for photo^aphic 
reproduction purposes, or for illuminating 
transparencies. X-ray illuminators and colour- 
film viewers also use fluorescent lamps, as 
they are more economical than tungsten lamp. 

In any consideration on spectral sensitivity 
as, for example, of a photographic emulsion 
(se^§ 216) or of the eye (see § 4), use is made of 
the ‘‘equal energy spectrum." This is the 
spectrum of an imaginary light source which 
emits equal amounts of energy into any one 
band of wavelengths. Spectral sensitivity curves, 
as referred to an equal energy spectrum, are 
easily prepared if the spectral emission curve of 
the source of light used is known. 



CHAPTER II 

QUANTITY OF LIGHT : PHOTOMETRIC UNITS 


10. Intensity and Brightness. The luminous 
power of a source of light is measured in candles} 
This figure is determined by comparing the lamp 
to the standard candle, an internationally 
agreed light-source which gives out a fixed 
amount of light when burning at a specified rate, 
under standm-d conditions. 

The standard candle was first agreed upon as 
an international unit in 1909, when the light- 
sources available worked at rather lower colour 
temperatures than they do to-day. In 1937, a 
new system of units was agreed upon, which 
takes as standard the brightness of a black body 
raised to the temperature of freezing platinum 
(2,04I*3®K). This source has a brightness of 
60 candles per square centimetre. The connexion 
between the old standard candle and the new 
. is simple : i new standard candle = 0-98 old 
standard candles. The new standard was to 
have come into use on ist January, 1940, but 
this has been deferred until further comparisons 
have been made. 

In the new standard a further factor is intro- 
duced, that of the area of the light source. The 
ifiUnsity of a source is expressed in candles, the 
brightness, in candles per unit area— in this case 
candles per square centimetre. 

IX. mumination. If the light source were a 
point, without supports, then the radiation 
would be the same in all directions. In fact, 
owing to the mechanics of electric lamp con- 
struction tile output is never uniform in all 
diliections. In some cases special efforts are 
made by the manufacturers to direct the light 
in the direction in which it will be most useful, 
for example, in the case of projector-lamps, 
where «all the light which does not fall on the 
condenser is wasted. For a point source the 
amount of light which falls on a surface depends 
on the distance of the lamp from the surface. 
The intensity of illumination of the surface will 
vary according to the Inverse Square Law, that 
is» the illumination is inversely proportional to 
the square of the distance. Where the measure 
oi distance is the foot, the measure of illumina- 
tion of a sur&ce is the foot-candle, that is the 
amount of light the surface will receive from a 
source of one can^epower at a distance of one 

^ The iateraationaJly adq>ted designation of this is 
the pBffrffftr 


foot. If the one^ndlepower source is moved to 
a distance of two feet, the illumination will fall 

Q 

in accordance with the inverse square law (g|, 

where C is the power of the source and D the 
distance) to J foot-candles. This calculation is 
only strictly true for a point source. However, 
in practice the law can be applied with sufficient 
accuracy in all cases where the dimensions of the 
source are only a small fraction of the distance 
from the source to the illuminated surface. 



Fig 2.1. The Falling OFF IN Illumination FROM 

A Point Source in Accordance with the 
Inverse SguARE Law 

The above calculations have been based on 
the assumption that the surface receiving light 
from the source is at right angles to the line 
joining the two. When this is not true the 
angle by which the surface deviates from 
the normal must be taken into account. If the 
angle (measured from the normal) is a then the 

intensity of illumination will be cos a. 

When the light source is not small enough to 
be considered a point, then the inverse squwe 
law no longer applies. The most stnking 
example we can consider, is the iUumination 
from a fluorescent tube. A few inches away from 
the lamp the illumination is constant over quite 
a variation of distance. At a distance of a foot 

C 

or two the illumination is proportional to g, and 
from a few feet onwards the illumination obeys 
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the ^ law, because at that distance the size of 

the lamp and the angle which it subtends are 
becoming relatively unimportant. 

Whenever there is any form of optical system 
such as mirrors or lenses, which are directing the 
flux from the lamp, then again the inverse 
square law does not apply. For instance, the 
output of projectors is quoted as a flux, and the 
output of searchlights as beam intensity. 

For practical photographic purposes the differ- 
ence between a light source of small size and a 
large area source is seen in the quality of the 
lighting. A small source of high brightness will 
form sharp shadows and small reflections of 
high brightness, i.e. highlights. For equal 
intensity a low-brightness source of large 
surface area gives a more diffused light and 
produces less sharply defined shadows. 

When the measure of distance is the metre 
the illumination is measured in metre-candles 
or lux. The metre-candle is a smaller unit than 
the foot-candle since the illumination of a 
surface at one metre will be less than that on the 
same surface moved in to a distance of one foot. 
Since illumination varies inversely as the square 
of the distance and one metre is equal to 
3*281 feet there are 10*765 (3*281*) metre- 
candles to I foot-candle. 

When a larger metric unit is needed, the 
centimetre-candle or phot is the unit. One foot- 
candle is equal to 1*0765 miUi-phots, 

12. Total Light Output of a L^p. To measure 
the total amount of light given out by a light 
source we must consider the radiation all round 
the source. If we imagine a sphere totally 
enclosing a source of one candlepower, the total 
area of the inside surface of the sphere will be 
47jr, where w is the constant 3*14 and r is the 
radius of the sphere. Whatever unit is used to 
measure the distance from the source to the 
surface of the sphere (r), the surface area will 
always be 12*56 (4 x 3*14) units. The total 
light flux from a source of one candlepower is 
therefore (assuming a theoretical source, with- 
out suppoM 12*56 lumens, in either the metric 
s^tem or the foot-candle system. Since the 
light is not always being radiated continuously 
the time of radiation must aho be considered 
to calculate the total light output. The total 
quantity of li^t given out by a source of one 
candlepower in one second is 12*56 lumen- 
seconds. 

This method of specifying the light output of 
a lamp is commonly used for flashbulbs, where 


the life of the lamp is short, but the intensity of 
the source in that short time is very high. A 
Speed Midget Bulb has a total light output of 
5,000 lumen-seconds with a peak output of 0*7 
million lumens. 

13. The Brightness of Reflecting Surfaces. So 
far we have considered only the quantity of light 
given out by a light source. When the light falls 
on a surface it is in part reflected and the surface 
becomes in some degree a source of light itself, 
and it can be assigned a brightness. The amount 
of light reflected depends on the actual surface 
of the material, which may vary from glossy 
to mat, and the underlying tone which may vary 
from white to black. 

A liighly glossy surface will reflect principally 
in one direction, in a manner similar to a mirror, 
and obeying the same laws. Reflections of this 
sort are sometimes called specular reflections. 
A completely mat surface will give diffuse 
reflection, in which the light is scattered and 
reflected at all angles. In practice, of course, 
the iy^s of surface vary between these two 
extremes, and to gain an accurate picture of the 
reflectance of a particular surface the reflected 
light must be measured at all angles and a polar 
reflection curve plotted. 

The majority of objects which we see by 
reflected light, are the result of diffuse reflection, 
although specular reflections are sometimes seen 
and indeed are of some importance since they 
provide highlights which give the eye a clue to 
the modelling and surface texture. 

The brightness of a completely diffusing 
surface is measured by talcing the intensity for 
a given direction and dividing by the area of the 
surface as seen from this direction. The unit 
of brightness is then the candle per unit area. 
In general use this is the square foot, or the 
square metre. The brightness can be specified 
in another way. One lamhert is the brightness 
of a perfectly diffusing surface reflecting one 
lumen per square centimetre. Une foot 4 ambert 
i^the brightness of a perfectly diffusing surface 
reflecting one lumen per square foot. A com- 
pletely reflecting surface under an illumination 
of one foot-can^ therefore has a brightness of 
one foot-lambert. 

14. Reflection Factor. Any reflecting surface 

can be assigned a reflection factor, which is the 
ratio of the flux reflected by the surface to the 
flux incident upon it. This ^ of course depend^ 
on the surface, whether it is glossy or mat and 
the tone, but it will also on the smgle of 

the incident light and the angle at which the > 
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reflected light is collected for measurement. 
Tliis factor becomes e^mally noticeable as the 
suri^ce approaches the perfect sp^ular reflector. 

It is common practice to Illuminate a surface 
in a direction perpendicular to the surface (i.e. 
normally). The reflected light is then measured 
at an angle of 45°. For special needs these two 
angles may be varied. The following are a few 
values of extremes of reflectance values— 


Black velvet 0-004 

Chinese Blade on Paper o-oi 

Fhotogiaplik Paper, Black Glossy 0-02 

Photomphic Pa^r, Black Mat o-o6 

Black n&ting Ink on Paper o-io 

White Paper ordinary o-6o 

White Paper baryta-coated o-8o 

Magnesiiun Oxide tleposit . 0-90 


For a truly diffusing surface the brightness of 
a surface in candles per square foot is equal to 
the product of the illumination in foot-candles 
and the reflection factor divided by tt (3* 14). 

15. Transmission, Opacity and Density. When 
light passes through any transparent or trans- 
lucent medium a proportion of the incident light 
is absorbed and lost, and the remainder emerges. 
We are dependent on this fact for the production 
of prints from negatives, for photographic 
n^atives consist of varying quantities of black 
silver suspended in transparent gelatine. The 
amount of light which a negative transmits at 
any one point depends on the quantity of silver 
at that ]wmt. The light transmission of any 
such semi-transparent material is the ratio be- 
tween the incident light and the emergent light. 

Transmission percentage 

_ Emergent light 
Incident light ^ 

In addition to the light lost by absorption, 
the silver of a ne^tive also diffuses the light. 
This, if not taken into account, would make the 
figure for emergent light incorrect, ^ce ail of it 
could not be collect^. In practice the trans- 
parency of a negative is measured by placing the 
negative in contact with an evenly Ruminated 


opal glass diffuser. This ensures that the value 
obtained does not differ seriously from the 
effective value (§ 201). 

It is more common to indicate the transmis- 
sion of ne^tives or positives by their density. 
This is derived from the redpro^ of the trans- 
mission (the opacity). Density units axt much 
more practical, since they are logarithmic units, < 
in fact the logarithm to the base 10 of the 
reciprocal of transmission. The foUowii^ 
table gives a few values of density with their 
approximate corresponding values of opacity 
and transmission. 


Density 

Opacity 

Transmission 

(percentage) 

0-00 ^ 

1-00 

xoo 

0*05 

I-IO 

89 

O-I 

1-26 

79 

0-2 1 

1-6 

63 

0-3 

2 

50 

0-6 

4 

25 

09 

8 

X 2-5 

I-O 

10 1 

10 

1-3 

20 1 

5 

1-6 

40 

2*5 

1-9 

80 

X *25 

2*0 

xoo 

I -00 


When two pieces of partly transmitting 
material are placed together the resulting 
density is the sum of the individual densities. 
This principle of additivity of density is particu- 
larly important in the case of filters (§ Bj, and in 
the correction of separation ne^tives by 
masking (§ 1005). 

z6. ReAKtion Density. In the case of images 
on an opaque support it is necessary to measure 
the reflection density. This is the logarithm of 
the reciprocal of the reflection factor (§ 14). But 
it must be noted that for papers with p^uliar 
surface structures, grained or embossed, tiie 
reflection values depend to a certain extent on 
the orientation of the paper with respect to the 
direction of the incident light. 



CHAPTER III 


LIMITS OF BRIGHTNESS IN PHOTOGRAPHIC SUBJECTS 


17. Range between Extreme Brightnesses in 
some Common Cases. The extent of the bright- 
ness range of everyday objects is not generally 
known and as a result there is a tendency to 
assume that the ranges are very large, whereas 
in fact the majority of these are moderate 
although not necessarily within the tone-range 
of the photographic material. Measurements 
which have been carried out, either indirectly 
by means of photographic plates (Hurter and 
Driffield, 1890) or by direct (visual) photo- 
metric tests of points in a subject (Mees, 1914 ; 
Goldberg, 1919, 1941; L. A. Jones, 1938), have 
allowed us to assign numerical values to the 
brightnessses of various parts of photographic 
subjects, such as a landscape, an interior scene, 
a portrait, etc. 

In a sunlit landscape, without any dense 
shadows in the foreground, the brightness of 
the sky (comparable to that of a white paper 
receiving an illumination of about 1,600 foot- 
candles (§ 11) ) is not more than about 25 to 30 
times that of the deepest shadows. The ratio of 
the extreme brightnessses for certain subjects is 
indicated roughly in the following table — 


Subject 

Ratio of 
extreme 
brightnesses 

Landscape, with lun in the field of view . 

2,000.000 : 1 

Interior, with windows showing a sunlit 


landsMpe 

1,000 : I 

Portrait, artificial light, white clothes 

100 : z 

Landscape with white sunlit areas and 


dense shadows in foreground 

60 : I 

Lampblack on white paper . 

Landscape in diffused light, with dark 

20 : 1 

foreground 

L5 : * 

Interior, no windows or reflections in 


field of view 

10 : 1; 

The earth, viewed from above : baUoon. 


aeroplane (vertical view) . • 

4 : * 

Landscape in miaty weather . 

2 : I 


The relfttively lew values of these ratios are 
due to two kcts : firstly, that absolute blacks do 
fiot eadst in IWatiure, a^, secondly, that, with 
Ihe eacc^tion df polidied ol^ects, even the 
^"ddlest ones reflect only a part of the li§^t 
which they receive. The only way to get an 


absolute black is through a relatively small hole 
in a large box, the interior of which is entirely 
covered with black velvet, or, failing this, a 
coating of lamp black and dextrin (§ 253). 

The most highly reflecting material is mag- 
nesium oxide which is deposited on a polish^ 
silver plate by burning magnesium; it has a 
reflection factor of about 98 per cent. Good 
white papers have reflection factors of about 
90 per cent and whitewashed ceilings of about 
80 per cent. The lowest reflection factors are 
those with peculiar surface structure which tend 
to. trap the light, such as brushed velvet and 
black paper having a fibrous pile. These may 
have reflections of less than i per cent. Photo- 
graphic blacks on paper, even on glossy paper, 
are never less than 2 per cent and are as 
much as 4 or 5 per cent on mat papers. 
The tone range of landscapes is considerably 
reduced by removing the shadows. This is 
effected by an overcast sky. In this condition 
the reflection factors still hold but reflection 
factors in landscapes are limited to ft very 
small r^e. The resultant picture is not usually 
attractive and is only reheved when the sun 
comes out again and casts its shadows, to 
brighten up the scene by increasing the tone- 
range. i, 

In a landscape, the ratio of the extreme 
brightnesses is less for objects farther away. 
If the distant parts of a landscape are examine 
with a telescope (or even with a cardboard tifi)e, 
so as to isolate part of the field of view) , no heawy 
shadow can be observed ; diffused light from the 
atmosphere due to dust and water-droplets in 
suspension is superposed on the direct light 
from the object observed. At the farthest 
distance whi(ffi can be seen in the direction 
of the horizon, no detail can be observed, 
all objects having the same brightness as the 
sky, and becoming indistinguishable in a kind 
of blui^ mist, called the aimosphmc h^ze. 
Painters and draughtsmen make use of 4 hia 
fact (known to them as aerial perspeoHve) when 
they wish to convey the impression of eittreme 
distance. 

18. Sensitifity of the Eya. The ey« is leaSy 
part of bnun. Over a veay wide range m 
lighthig conditions both and brain ofmle 


ts 
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quite happily. There is a ra^ of tone values 
whidi the eye can appreciate in its field of view. 
This range is reasonably constant over quite a 
wide range of average brightnesses. That is to say 
the tcme range of the eye is the same on a sunny 
day as on a dark winter’s day. This ability is 
known as the adaptation power of the eye. 
Over and above this effect, the mechanism of 
which is not known precisely, there is the auto- 
matic regulation introduced by the reflex action 
of the pupil of the eye. Under daylight con- 
ditions the pupil tends to operate at a diameter 
of about 2 mm, but if the brightness is altered 
quickly there is a reflex action which tends to 
compensate for the change of image brightness. 
If the brightness, is reduced then witWn 5-10 
seconds the pupil opens up to almost 8 mm, 
giving a substantial increase in the brightness 
of the image. This action is a protective 
mechanism; afterwards the pupil slowly con- 
tracts back to 2 mm. At low levels of illumina- 
tion the pupil always remains fully dilated. 

Under normal conditions of lighting the 
contrast sensitivity of the eye is about i per 
cent. This means that two patches of light 
separated by a very sharp dividing line, will be 
just noticeably different if their brightnesses 
differ by one per cent, A considerably larger 
difference is necessary if the two patches are 
separated or if the patches are in any way 
sli^tly non-uniform. 

llie contrast sensitivity decreases as daylight 
diminishes, and under weak artificial lighting 
the minimum brightness difference rises to 
5 and 10 per cent and even more at lower levels. 
The daylight mechanism of the eye operates 
smoothly from 1,000 foot-candles (bright sun) to 
10 foot-candles (dull winter day). Moonlight 
hanging from 1/50 foot-candle for a full moon to 
1/1,000 foot-candle for a new moon stimulates 
both day and night vision, but the loss of colour 
vision is quite noticeable. Shadow detail is 
ooni^tely obscured. At 1/1,000 foot-candles 
day viaon does not operate, but by this time 
night vision has come fully into operation and 
operates through the starlight region down to 
1/1,000,000 foot-candle. 


Ili,umination6 in foot-candlbs 


Open air, 
fine weather 

Interiors, 
day time 

Interiors, 
night time, 
artificial 
lighting 

Streets at 
night thne, 
artificial 
lighting 

500 

50 

5 

0-3 


19. Feroqrtion of Details of Brightness. When 
the eye is adapted to any particular level of 
illumination the supply of photoChemicals to 
the retina of the eye reaches an equilibrium. 
This is known as adaptation and takes place quite 
quickly. The next question is over what ran^e 
of brightnesses can the eye operate and still 
obtain this state of adaptation. Over a range of 
10 to I in brightness in both directions the eye 
has much the same acuity and contrast sen- 
sitivity. Above and below this range the eye 
finds it increasingly difficult to operate ; at the 
high levels because the photochemical is rapidly 
bleached out; and at the lower end merely 
because there is insufficient light. It can be 
Seen from this that the best conditions are those 
in which the object to be viewed is at the same 
level of brightness as that to which the eye is 
adapted. Therefore to see well it is not necessary 
to have plenty of light but it is necessary that 
the light should be in the right balance. Dis- 
crimination of subtleties of brightness, i.e. con- 
trast sensitivity, is constant over a range of 
I to 1,000 foot-lamberts, which can be obtained 
by bright artificial light and sunlight. If, how- 
ever, the object to be viewed is dark then it is 
necessary to increase the level of illumination 
in order to compensate for the low reflection 
factor. For instance if black cloth is being 
stitched on a sewing-machine and the work 
necessitates some precision it is necessary for 
the level of illumination to be some 30 times 
as much as one would need for white cloth. 
R. J. Lythgoe (1932), has laid down the basis 
of &e practical aspects of lighting and visual 
acuity. 

So far the contrast sensitivity has been 
considered to remain constant over a wide range 
of brightnesses but the sensitivity of discrimina- 
tion also depends on the way in which the bright- 
nesses are presented to the observer. In optical 
instruments it is usual to present them as two 
adjacent patches having an extremely sharp 
dividing Ime, so sharp that when the patches 
are equal in brightness they appear as a single 
patch without trace of the separation line. As 
the sharpness of the line is reduced the sensi- 
tivity gradually decreases to several per cent. 
As the patches are separated the sensitivity 
drops to a very low value, depending on the 
surrounding brightness. If the patches are not 
uniform in brightness, but, for exasnf^, of 
grainy appearance, the sensitivity is lessened. 
A more tactical application to photc^phy is 
that in which the brightness varies gmoally 
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over an area. It is not possible to lay down 
definite rules as to what is visible and what is 
not, but it is safe to say that differences as 
great as 50 per cent in brightness are not 
noticeable if the variation is smooth. For this 
reason the fall-off in illumination across the 
image plane of cameras, enlarger, and pro- 
jectors is tolerable. 

Small differences of brightness can sometimes 
be confused with small differences in colour. 
This becomes very noticeable when judgments 
are being passed on the accuracy of matching 
of colours in colour processes: in fact by an 


15 

association of ideas it is usual to tie up difference 
of colour with difference of brightness. 

In black-and-white photography it is some- 
times difficult to know beforehand how a scene 
will be rendered in the various tones of the grey 
scale. It helps to view the scene through a 
monochromatic yellow filter which apparently 
reduces the whole of the scene to a very restricted 
range of yellows and browns of different 
brightnesses. The only disadvantage or inac- 
curacy in this method is that the blues and reds 
tend to be rendered lower in brightness than they 
actually are. 


3HG.3«3o) 



CHAPTER IV 

PHOTOGRAPHIC PICTURES: THE AESTHETIC PICTURE; 
THE IDEAL SCIENTIFIC PICTURE 


20. Negative and Positive. The image obtained 
by the usual photographic processes is a n^a- 
tive (Fig. 4.1), in wluch the lights in the subject 
are reproduced as opaque and the shadows as 
transparent areas. If this negative is placed in 
contact with another photographic emulsion, 
and an exposure is made through it, we can pro- 
duce another image which is the reverse of the 
negative and therefore like the original subject 
(Fig. 4.2). 

If the positive is on a transparent support it is 
usually called a positive transparency, but if 
it is on an opaque base, such as paper, it is 
called a print. 

21. Range of Extreme Brightnesses in a 
Positive. The following table in^cates the ratio 
of the extreme brightnesses in images on paper, 
obtained by different processes and viewed under 
normal conditions. 

Typographical impression . . from 10 : 1 to 35 : 1 

Black tone photographs, mat sur- 

face from 15 : 1 to 20 : 1 

Intaglio print (photogravare) less than 35 ' i 

Carbon prints, black tone about 40 : 1 

Black tone photographs, best qual> 

ity glossy surface ... 50 : 1 

These values should be considered as the 
maxima, corresponding with materials of the 
best quality and with perfect technique. They 
vary with the conditions under which prints 
are viewed ; an image in which the whites are 
more glossy than the blacks appears more 
ipontrasty when it is viewed in the open air by 
diffused light than in the light from a source 
which is almost a point. It appears still more 
contrasty when it is illuminated under good 
conditions near a window (Nutting, 1914). 

2ti The Ideal Sctentific Reproduction. In a 
photograph which reproduces a subject with 
absolute fidelity, there ought to be equality 
between each of the luminosities of the picture 
and the luminosity of the subject at the corre- 
sponding point. Obviously this equality is only 
possible for a certain value of the illumination 
of the picture and for all other values reduces to 
a proportionality. 

Even supposing that the {fiiotographic ^o- 
cesses were ^le to reproduce the subject faith* 
fully over the limits range' of luminosities 
which can be obtained with different papers^ it 


can be seen that reproduction under exact 
conditions is impossible with an image viewed 
by reflection, since the range of extreme lumin- 
osities of the subject would be limited to 20 : 1 
in the case of mat prints, or 50: i in the case 
of glossy prints. There is no such narrow limit 
to this interval in the case of images viewed as 
transparencies (diapositives). Note that this 
advantage is to a great extent lost if such an 
image is examined by reflection from its projec- 
tion on to an opaque screen, instead of being 
examined directly. It may be stated as a generad 
rule that for normal subjects, the image on 
paper should, in order to give natural sensations, 
difierentiate, in the different regions, brightnesses 
of which the ratios should be respectively — 

Highlights, 5 per cent ; halflights, 10 per cent ; 
deep shadows, 25 per cent. 

For purely record purposes, papers with glossy 
surfaces are superior, since they not only allow 
details to be read under considerable magni- 
fication (which cannot be done with a print the 
surface of which has a more or less coarse struc- 
ture), but also permit of a more correct repre- 
sentation of an extended range of brightnesses. 

Nevertheless, one is often led deliberately to de- 
part from the ideal proportionality between the 
brightnesses of the image and those of the sub- 
ject, and to compress " the scale of brightnesses 
of the image in such a way as to bring it be- 
tween the limits which are available in practice. 

23. The Aesthetic Picture. It would obviously 
be correct to reproduce strictly the various 
tones which occur in a dark cave if the photo- 
graph obtained was going to be used to ornament 
the walls of this cave, or of any other place of 
the same illumination. Since, however, photo- 
graphs are usually intended to be lool^ at in a 
well-lit room, they ought therefore to render the 
physiological relations of the different luminosi- 
ties of the object, and not their physical values. 

The appwnt relative brightnesses of any 
scene or object ch^e to a more or less marked 
degree when the intensity of the illumination 
in which it is examined is modified, just as if 
the intensity scale were transposed into a new 
key (F. F. Renwick, zgxfi). 

A lump of coal illumiiiated by direct sunshine 
can send back more light than a lump bf chalk 
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Fig. 4.1. The Negate i. i ^ Yue Positive Image 
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in the shade, and yet we see the coal as black 
and the chalk as white. This physiological 
interpretation does not occur when we look at 
a photograph in which we may take the image of 
a black object for that of a white one, or con- 
versely, according to their relative brightnesses 
(H. Arens, 1932). 

A finished photograph should give an impres- 
sion of the original scene, but to say that the 
camera cannot lie is possibly the most mis- 
leading statement ever made. 

Photographic tone reproduction can be divi- 
ded into two parts: the objective part, which 
merely depends upon the brightness and tone- 
range of the origmal and of the reproduction, 
and the subjectivepart which depends upon the 
observer’s sensory mechanisms. 

24. The Objective Phase. Experiments were 
carried out by L. A. Jones (1921), in which he 
laid down a photographic technique which 
enables true reproduction to be achieved within 
the limitation of the process. Starting off with a 
t3rpical emulsion a number of negatives with 
varying exposure were prepared and from these 
paper prints were made at different contrasts 
and exposures. These prints were assessed by 
large numbers of observers and the statistical 
results analysed to indicate the most acceptable 
results. Jones’s work on this subject indicated 
the acceptability of average prints. 

25. The Subjective Ph^. There are other 
considerations in the presentation of a print in 
addition to the fidelity of a reproduction of 
brightness, R. G. Hopkinson (1937), attempting 
to reproduce exactly the resiilt of a street- 
lighting installation on a paper print, has 
developed a technique which fulfils the sub- 
j|ctive part of presentation. This work aimed at 
setting the observer's mind, through his visual 
meclu^m, to a state in which his subjective 
mechanism is working under the same conditions 
as when the original was viewed. High-key and 
low-key effects are well known as a means of 
suggesting to the observer that the lighting 
arrangements are very bright or very dark. 
Hopkinson went still further with this idea and 
pfXKiuced prints and viev^ conditions which 
interpreted the original lighting conditions to 
such an extent that it was possible to judge the 
results of street-lighting installations on a 
photographic set-up and thus avoid the necessity 
for a visit to the scene with all the difficulties 
of judging whether any improvement had been 
effected by lighti^ changes. 

Work of great importance in this field is that 


by R. M. Evans and Miss J. Klute (i^). They 
considered more closely the subjective side of 
tone reproduction and attempted to show the 
various stages that a professional or studio 
photographer goes thro^h when making his 
lighting arrangements, which he finds necessary 
by experience, to produce a pleasing impression 
of the original. T^ basis of Evans's work is the 
psychological indifference to variations of bright- 
ness, which are due to different intensities of 
illumination. For instance, normally nobody 
is in the least worried to see a person’s face in 
shadow or that light sources throw shadows of 
noses in two directions. The reason for this 
acceptance is that the subject is live and moving 
and that one's attention is not centred on these 
aspects but on other things. At any rate it is 
obvious that the shadows are shadows and 
that the skin is uniform in tone. The photo- 
graphic reproduction, however, both projects 
the solid object on to a plane, and freezes the 
live subject in movement, and with black-and- 
white photography one must decide what was 
colour and what was brightness. And so it is 
necessary to distort deliberately the exact 
physical tone reproduction in order to convey 
the impression required. To do this it is neces- 
sary to restrict severely the brightness range of 
the subject. The densities on the print must 
indicate not only the reflection characteristics of 
the original, that is, whether it is a white or a grey 
or a black surface, but also whether it is dimly 
or brightly lit. The final lighting arrangement 
differs considerably from the conditions one 
would choose for direct insp^tion and is usually 
very near almost perfectly uniform illumination. 
From this it follows that all unrelated background 
must be independently lit to a level comparable 
to that of the main objects in the picture. 
Shadow portions must be increased in brightness. 
The gradation of shadows must be decreased, 
often by the use of auxiliary lighting. Finally, 
the brightness of the print must be adjusted 
(by exposure, and perhaps development), so 
that the main object seems to indicate the true 
reflection factor ; it must be the true reflection 
factor if the surround of the picture is white 
and if there are in the print no large areas of 
black or white to form a contrast. 

If, however, there is the need or the wish to 
suggest extraordinary lighting conditions, then 
it is necessary to over- or under-expose the whole 
of the print and also to arrange the mount to be 
of suitable reflectivity in order to suggrat the 
necessary high- or low-key effect. 



CHAPTER V 

PERSPECTIVE : MONOCULAR AND BINOCULAR VISION 


26. Geometrical Perspective. Although the word 
perspective (from the Latin : to see through) is 
often used loosely, it is capable of strict defini- 
tion. If straight lines are drawn from all the 
points of an object or group of objects to a fixed 
point (the viewpoint or centre of projection) and 
if those lines pass through a certain surface (the 
surface of projection), the image traced out on 
that surface is the perspective of the object or 
group of objects. This surface is generally a 
vertical plane, but is sometimes a cylindrical 
surface (panoramas), or a segment of a sphere 
(cupolas), or, more rarely, some other surface. 

Practically, according to Leonardo da Vinci, 
the perspective may be defined as the trace 
which would be obtained on a transparent 
surface (glass, or gauze stretched on a frame in 
the case of a plane perspective), when one eye 
is kept in a fixed position determined by a 
sighthole, and the other is closed, in such a way 
that each of the points or outlines of this trace 
exactly masks the point or the corresponding 
outline in the subject to be represented. 

The perspective of anything of which all the 
parts, whether real or imaginary, have known 
dimensions and occupy known positions can 
be obtained by relatively simple geometrical 
constructions. Conversely, if a ^rspective con- 
tains the images of certain known objects, it is 
possible to deduce from it the dimensions and 
the relative positions of other unknown objects 
whose images figure in that perspective. 

Such a perspective regarded by one eye only 
from exactly the position of the viewpoint would 
appear to us, at least as far as the forms are 
concerned (without considering colours and 
brightness), just as the object represented 
would app^r when viewed from the correspond- 
ing point, the same outlines being seen in the 
same relative positions. 

In coaformity with this definition, the surface 
of a projection plane only plays the rdle of an 
open window through which appears the land- 
scape or the scene ^ich was represented. 

27. If we consider an object ^ig. 5.1) which 
for clearness has been purpo^ly chosen of simple 
form, a viewpoint 0, and a vertical plane T, 
then the perpendiculair OP dropped to the plane 
from the viewpoint meets the plane at a point P 


(called principal point), tfie distance OP being 
the principal distance of the perspective obtained. 

Any group of straight lines parallel to one 
another and to the plane of projection will be 
reproduced in the perspective by straight lines 
parallel to those considered. In particular, adl 
vertical lines in the subject will be represented 
by vertical lines in the perspective. 

Any groups of parallel straight lines which 
are not parallel to the projection plane will be 
represented in the perspective by a group of 
straight lines converging to the same vanishing 
poind, which is defined by the intersection of the 
projection plane with a straight line dropped 
from the viewpoint parallel to the direction in 
question in the subject. 

The vanishing points of all the horizontal lines 
are situated on the principal horizontal HH\ 
the intersection of the projection plane with the 
horizontal plane through the viewpoint and also 
(in this case of a vertical projection plane) 
through the principal point P. 

In particular, all the horizontals contained in 
the facade of the shed (Fig. 5.1), or parallel to 
this fa9ade, are represented by straight lines 
which converge to the vanishing point F, 
defined by the intersection of the plane of projec- 
tion with the straight line OF dropped from the 
viewpoint parallel to the straight lines being 
considered in the subject. All other groups of 
lines parallel to the facade of the shed will have 
their vanishing points on the vertical line FG, 
Once the position of the viewpoint and 
the direction of the projection plane have been 
determined, the perspective obtained is to a 
close degree independent of the principal dis- 
tance. Ilie perspectives obtained from a single 
viq^wpoint but on several parallel planes are 
geometrically similar ; any one can changed 
into any other merely by proportional ampli- 
fication or reduction; for example, by means 
of a pantograph. The principal distance only 
affects the scak of the images, which all va^ 
proportionally. 

28. Deformations due to Displacement of the 
Viewpoint When a perspective is looked at 
from a point other than its viewpoint, the 
different parts of the image are no longer seen 
at the same angles as the eorrespondinlg parts 
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of the subject. The representation in this case 
is falsified, and one no longer appears to see the 
object but only a more or less distorted form of 
it. 

If we suppose at first that the eye with which 



Fig. 5.1. Elements 
IN Geometrical 
Perspective 


the perspective is observed remains at a distance 
from it equal to the principal distance, but 
without being placed at the viewpoint, the 
object undergoes a twist. For example, if the 
j^eye is in a position higher than the 
viewpoint, all the horizontals of the sub 
ject appear to slope down from the 
observer to the horizon ; their vanishing ()• 
points become in fact lower than the eye, 
aatS the aj^arent slope of each horizontal 
will be tl^t of a straight line joining the 
eye to the corresponding vanishing point. 

Next, suppose that the eye, while ” 
remaining at a distance from the pro- 
jection plane equal to the principal 
di^ance, is displaced lateraUy. To make 
this de^, suppose it is placed opposite the 
vanishing point F (Fig. 5.1). This ^int, being 
now sub&tuted for the principal point, would be 
on a perspective examined under correct con* 
ditions, the vanidiing point of the straight lines 
of the subject perpendicular to the projectiem 


plane. Under the actual conditions of examin- 
ation one is thus led to consider the facade of 
the shed as perpendicular to the plane of pro- 
jection, whi(± is not the case. 

Every combination of the two displacements 
of the eye, the effects of which we have just 
considered sep^telv, will result in a double 
twist of the object. Notably, the straight lines, 
which in the object were perpendiculu to the 
plane of projection, will appear alwa^ pointing 
towards the eye, whatever may be its position 
relative to the projection plane. Consider the 
case of an image of a rifle which is aimed 
directly at the viewpoint. From whatever 
position the eye views the image the rifle always 
appears to point directly at the observer, which 
is not surprising since the profile of the rifle 
cannot be seen. 

Now suppose that the eye, whilst being kept 
on the perpendicular from the 
projection plane to the principal 
point, is displaced along the 
length of this line. The object 
will appear drawn out in depth 
or compressed^ according as the 
distance of observation is greater 
or less than the principal dis- 
tance, the deformation being in 
every case proportional to the 
ratio of these two distances. 
Imagine two objects at A and B 
in the horizontal plane (Fig. 5.2). 
In the perspective traced from 
the viewpoint 0 on the projection plane T, the 
images of these two pomts are at a and b. If, 
instead of observing this perspective from its 
viewpoint, the eye is moved to 0 \ at double 
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Fig. 5.T. Distance and PsRSPBcnvx 


A*'- 


the distance, obviously the objects cannot be 
considered as hanging freely in the atr, but 
must be resting cm the plane shown* Qm is, 
therefore, compelled to assign to these pc^nts 
the positions A' and B\ the obje^ thus 
being drawn out in the ratio of i to a. Ji 
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the distance AB is more or less fixed (the case 
of a man lying down to whom cannot reasonably 
be attributed double the normal stature), the 
details of the object situated at A\ which we 
intuitively consider as being at will be on 
an exaggerated scale for the position that we 
attribute to them in the object. The front planes 
are expanded relatively to the back planes. 

Obviously, these deformations may occur in 
addition to those due to the displacement of 
the observer upwards or across. These deforma- 
tions may sometimes be observed in “back 
projection" scenes in cinema films, in which a 
scene is enacted in a studio in front of a trans- 
lucent screen on to which the image of an 
outdoor shot is projected. 

29. Normal Distance of Vision and Angle of 
Visual Field. A normal-sighted person generally 
chooses a distance of 10 or 12 in. as the distance 
from his eyes at which to examine such objects 
as printed matter, etc. This distance is usually 
known as the normal distance of vision. The 
smallest distance of distinct vision at which 
things can be seen without any abnormal effort 
is rarely less than 6 or 8 in. ; a normal eye can 
often see distinctly an object only from 4 to 6 in. 
away, but in such cases fatigue sets in so rapidly 
that this can only be done for a few second. 

In order that the eye may perceive simul- 
taneously all the objects represented in a picture, 
the latter must not be too extended. The 
angular field of the eye does not exceed about 
50°, and we tend therefore when looking at a 
picture, to place our eyes at a distance not less 
than tlie diagonal of the print ; the examination 
is probably easier at a greater distance than 
this within reasonable limits. 

30. In order that a perspective may be 
examined with avoidance of the distortions 
described in § 28, it must be looked at from its 
viewpoint. The principal distance should then 
be at least equal to 10 in. (or, as an extreme. 
8 in.), unless the picture is examined by means 
of a magnif3dng glass, which allows it to be 
brought nearer to the eye;^ moreover, it ia 

^When an image is ol^served with a magnifying 
glass under conditions such that ^e image is at infinity 
(this condition is instinctively fulfilled by an observer 
of noni|al vision, ^pr by one who ketos on his correcting 
glasses), the image is seen as it would be if the centre 
of rotation of the ^ coincided with the optical centre 
of the glass. In order to examine under perfect con- 
ditions a Mspective with a principal oistance less 
than the diitaooe of dittinet; viinon,a oUwnifytng glass 
must be thosea of wliich tlm focal length is equm to 
this principal distance. Inddentally, note ttie 
tnagmflcation of a magnifying glass Is e yp rs as ed by a 


essential that the included angle (angle between 
extreme rays converging to the viewpoint) does 
not appreciably exceed 50*^. 

If these conditions are not conformed with, 
the perspective can only be seen falsely. Accord- 
ing to what has alrea(^ been said, it can easily 
be realized that the tolerances in the position 
of the eye during the examination become 
greater the greater the principal distance. In 
particular, if the principal distance is at least 
equal to 10 times the mean separation of the 
eyes, there will no longer be a very marked 
(liiference between the objects as received 
individually by each of the ^yes, and the 
binocular view of the picture will no longer 
cause any inconvenience. 

31. Anomalies of an Exact Perspective. A 
perspective, traced directly on glass or resulting 
from correctly carried out graphical construc- 
tion, is of necessity exact in the geometrical 
sense, but aesthetically it may be picturesque or 
defective^ according to the value chosen for the 
principal distance and the included angle. If 
the eye can be placed at the viewpoint, it will 
obviously see an object identical with the object 
seen from the same viewpoint, but as soon as 
one moves from the normal position (and this 
will necessarily be the case if the principal 
distance is very short, or if the included 
exceeds the angle of the visual field) serious 
distortions will appear, especially towards the 
limits of the field. These distortions are due 
especially to the fact that the image projected 
on our retina is projected on to a sphere, a yery 
different case from a plane perspective. 

From whatever angle we may look at a sphere 
its outline always appears exactly circular. On 
the contrary, the plane perspective of a sphere 
is an ellipse, except in the case where the centre 
of the sphere is on the perpendicular from the 
viewpoint to the projec^on plane. As the 
visual ray to the centre of the sphere makes an 
increasing angle with this perpendicular, so the 
(fistortion also becomes grater. 

* Nevertheless, if one stands in front of a 
colonnade, all the columns appear the same 
diameter. If there is a difference, the columns 
farthest away a|^ear somewhat smaller; in the 
perspective of a colonnade seen from the frbnt, 
the images of the columns become larger as one 
moves farther away from the principal point. 


quarter of the number, expreedng iti converging power 
in diopfen. Ihul a^ase of 8 dieters (focal 103 
mm) naa a magnUlcetiQn d a» 
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5-3 ^ Moessard), 

^cfsmg in elevation, in plw, and in perspective 
a series of identical vertical cylinders, each being 
surmounted by a sphere, is an excellent example 
of anamorphosis (i.e. a perspective which is 
dbpleasing, although correct), due to the fact 
that an excessive angle has been included (by 
means of the angular graduations given, the 
obliquities corresponding with different deforma- 
tions may be seen). Distortion similar to that 
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Fig. 5.3. WlOK-ANGLE Pbrspbctivs 


of the spheres represented in Fig. 5.3 is often 
noticed in the faces of people photographed in 
the foreground under a relatively &ge angle 
(photognq>h5 of crowds, banquets, etc.). 

The artist, pamter, engraver, or draughts- 
man always modifies the strict laws of geo- 
metrical perspective by means of certain tricks 
of which the greatest, masters have given 
examples. He generally limits the included 
angle to between 15^ and 20** by choosing a 
prindpal distance somewhere between twice 
and mree tunes the gmtest dimension of the 
image. Further, even if he resp^ the laws of 
perspective whilst tracing the principal lines, 
he d^Murts fiom them for me details, each object 


being represented almost as if it were seen from 
the front. It can almost be said that the painter 
only adopts the plane perspective for the placing 
of the different elements, the tracing of these 
resulting from the drawing on the plane of 
their spherical perspectives. 

Notice, however, that the observer who can 
only see with one eye and who cannot move, 
though provided for by the theorists of per- 
spective, is not found amongst Nature artists, 
who always judge their effects with both eyes 
open, and frequently move about so as to look 
at their picture from points far removed from 
the actual viewpoint ; by doing this they can 
correct the anomalies which would show to 
badly-placed spectators. This explains why pic- 
tures in museums can be examined from very 
different positions, and often even abnormd 
positions, without appearing displeasing. Un- 
fortunately, this wide tolerance is not found in 
the examination of a perspective, unless its 
principal distance is very great and the included 
angle very small. 

32. Influence of Choice of Viewpoint. The 
choice of viewpoint affects the aspect of the 



Fig. 5.4. Effect of Viewpoint on 
Perspective 


image of each of the different objects and at the 
same time the ratio of the respective sizes of the 
images of objects situated at different distances. 

Consider the case of a sphere (Fig. 5.4), and 
let us determine the perspectives from the two 
viewpoints 0 and O'. It will be realized at 
once that, seen from very near, the sphere will 
show only a small fraction of the surface which 
can be seen from a farther distance away ; all 
the shaded zone will be seen from 0 and not 
from O'. It can be seen that if we substitute 
for the sphere a human face seen from the front, 
then from the viewpoint O' the ears will be 
hidden, and the mouth (the size of which is 
about one-quarter of that of the whole face) will 
occupy a third of the apparent diameter and 
seem to be enormous. 

Now consider the case of two objects of the 
same dimensions situated at different distances 
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from the viewpoint, in the same direction. If 
the nearer of me two objects is at a distance 
from the viewpoint equal to n times the distance 
between the objects, the respective scales of 
their images will be in the ratio nl(n + i). Thus 
the images will be less different as n becomes 
greater, as is shown in the following table, 
where the values of nl(n + i) are given for 
different values of n. 


H 

X 

3 

3 

4 

5 

xo 

30 

xoo 

nl{n + i) 

O'SO 

0-66 

075 

o'Bo 

0*83 

0-90 

0*95 

0-99 


Thus it can be seen that if the distance of 



two equal objects is equal to the distance of 
the nearer of them from the viewpoint, one of 
the objects will be represented twice the size 
of the other. If we multiply by ten the distance 
to the first of the objects, and compensate for 
this increase of distance by extending the 
principd distance until an image of the nearer 
object is obtained which is the same as previ- 
ou^y, the more distant object will not differ 
from it more than lo per cent. An example of 
this may be seen in telephoto pictures, pakicu- 
larly of cricket matches, where the two ^tsmen 
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are about 20 yards apart and the viewpoint may 
be 200 yards away. 

Returning now to the case of the front view 
of a portrait, and bearing in mind that the point 
of the nose is about five inches in front of the 
back outline of the ears, it can be calculated 
that in a portrait taken at about four feet from 
the sitter, a rigorous application of the laws of 
perspective would result in the nose being 
represented on a scale greater by 10 per cent 
than the scale of the ears. A painter, when 
sketching a portrait, is always at least zo or 15 ft 
from his m(^el. 

Let us take the case of a house, and consider 
its persp^tive at a distance of about 300 yd. 
At this distance the house is in correct relation 
with the distant landscape. If now we approach 
to within 20 yd of it, whilst keeping the same 
'principal distance, the image of the house will 
be magnified 15 times, but the distance will be 
practically the same size as before, and will thus 
be on a much smaller scale. 

Similarly, a painter, when prevented from 
going back far enough to see properly, would 
design the background on a magnified scale in 
order to correct this effect, which, though it 
would be scarcely noticeable in the examination 
of a landscape itself, because our brain corrects 
the sensations which our eyes transmit to it, 
might be displeasing in the case of a plane knage. 

33. Binoci^ Vision. Only a rough idea t»f 
the relative distances of objects can be obtained 
by monocular vision (using one eye only). One 
knows how difficult it is to place a finger in the 
neck of a bottle placed by someone else at the 
height of the observer’s eyes, when one eye is 
shut. The factors to be appreciated are the varia- 
tion of the apparent dimensions of an object 
of known size, the changes in the relative 
position of the objects when the observer moves 
transversely, the aerial perspective (§ 17), and 
the variations in the effort necessary to accom- 
modate the eye (focusing the “eye) accordii^ 
to^ the distance of the object. Chroinatic 
al^rration of the eye also plays an appreciable 
part in the estimation of distances, images being 
bordered with a red or blue fringe according to 
whether the corresponding objects are nearer 
or farther than the plane on which the eye is 
focused. 

The causes which ^ve rise to the sense of 
relief in binocular visum (using two eyes) are, 
on the one hand, the dissimilarity of the two 
retinal images, each eye seeing a single near 
point projeked on two diffotent points of the 
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background, and on the other hand, the efiort 
of convergence of the ocular axes towards the 
fixed point, this effort becoming greater as the 
point becomes nearer. These two factors are 
important only for relatively near objects ; when 
viewed from the air from only a few thousand 
feet, objects on the ground lose their relief. 

Consider two perspectives of a single subject, 
each perspective having the same principal 
distance, on two parts of the same plane, 
from two viewpoints the separation between 
which is equal to the mean separation of the 
eyes (about 65 mm). If the centres of rotation 
of one's eyes be pl^ed at the viewpoints, each 
eye only seeing the perspective of its own 
viewpoint, the same sensation of relief will be 
experienced as in direct observation of the 
object with the two eyes (the variations of the 
accommodation no longer obtain in this case). 
This relief may be so striking that an observer 
who did not already know would scarcely believe 
that the solid image which he could see was 
actually the result of two plane images. 

This fact forms the basis of stereoscopy. 
Stereoscopic vision implicitly assumes that the 
observer has two equal and symmetrical eyes. 

34. Pecqiecthre on a Non-vertical Plane. If 
from the viewpoint 0 (Fig. 5.5) the perspective 
of a solid body 5 be drawn on the non-vertical 
plane T, the images of all the vertical lines of 
the solid will converge to the vanishing point 
F, where V is the intersection of the plane T 
with the vertical dropped from the viewpoint. 

In presenting this plane under the same 
obliquity to an observer whose eye, placed at 
0, would be forced to look in the direction of 
the principal point P, especially in the absence 
of external wiaaks vdiich would indicate to him 
die obliquity of the plane on which was the 
perspective, he might have the illusion of the 
object reixesented. But an observer who did 
not know, examining such a perspective under 
Iheeftme conditions as he would regard a normal 
one, would be led to conclude that the solid 
object represented was not a parallelepiped, but 
a truncated pyramid. He might, not un- 
naturally, conclude that the soUd figure was 
represented as in the actnf fallinjg;.^ 

A vertical plane of projection is the essential 
oomlttion for the reproduction of vertical lines 
as verticals in the perspective. 

* We an not envisaqiiiig hen the case of views inten- 
tjonaHy tiUcen looking downwards or upwards for 
doeunemafy psrposes or in order to achieve some 
ipeeial effect. 


Experience shows that emee the perspective 
has been drawn under these concUtions, the 
projection im^e can then be shown obliquely 
without its being displeasing (the case of pictures 
hung rather high in such a way that their view- 
point is at the height of the ob^rver's eyes when 
standing), though from the moment when we 
realize this obliquity we should not consider 
as admissible the representation of an object 
on an inclined surface, even if this was viewed 
under its normal inclination. 

35. Panoramic Perspective. In cylindrical per- 
spective, known as panorama, the viewpoint is 
situated on the axis of the cylinder of revolu- 
tion (vertical cylinder), which constitutes the 



projection surface. In this system of per- 
spective, verticals are represented by verticals, 
the horizon line by a meridian circle, and all 
other straight lines by ellipses, ^en the pro- 
jection surface is maintained in its cylindrical 
form and looked at from the viewpoint, what is 
seen is identical with the subject, but if the 
projection surface is now unrolled and becomes 
a plane, all the straight lines of the subject, 
with the exception of the verticals and the 
horizon line, are represented by curves. Thus 
it is, for example, that the straight line ABC 
(Fig. 5.6) is replanted in the panoramic per- 
spective, after this has been flattened out to a 
plane, by the curve abc, with van^iing points 
at F and F', which axe common to the perspec- 
tives of all other straight lines parajlel to that 
considered. 

Such defodnations are obviouriy a drawback 
in cases nrfaere it is desired to r^uetent subject 
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containing numerous straight lines other than 
the vocals, such as ar^itectural works or 
views of towns having straijght streets. But the 
suppression of a)l deformations due to excessive 
obliquity of the visual rays relatively to the 
projection of plane perspectives (§ 31, Fig. 5.3) 
gives to panoramic photographs, often l^ited 
to a fraction of the complete horizon, a special 
interest in such cases as the representation of a 
very extensive landscape, for example high 
mountainous country, or of a large number of 
people. 

Due to its being unfolded to give a plane 
surface, such an image no longer permits of 
one viewpoint only, but of an infinite number 
of them, arranged on a straight line parallel 
to the horizon line, at a distance from the image 
equal to the principal distance. Such a projec< 
tion should be considered as the combination 
of a great number of projections each formed 
from a straight vertical band, each to be exam- 
ined from its particular viewpoint. The observer 
moving in front of the projection should thus 
only look at the details of the image which he 
sees exactly opposite to him. 

36. Sharpness of Vision. Sharpness of vision, 
or visual acuity, which varies from individual to 
individual and with the lighting conditions, 
is measured by the distance from centre to 
centre of black parallel lines of equal width, 
separated by white spaces of the same width, 


this distance being expressed as a fraction of 
the greatest distance at which the lines can still 
be separately seen when viewed closely, i.e. 
when their images are formed on the most 
sensitive part of the retina. A good eye can 
distinguish two lines the distance apart of which 
measured from centre to centre corresponds to 
an angle of i minute. This would be given by 
a distance of 1/250 in. at 12 in. Practically, the 
sharpness of an eye is considered to be about 
the average when it can separate lines 1/250 in. 
apart at a distance of 8 in., corresponding with 
an angle of 1/2,000 radian. 

37. Depth of Field of the Eye. When the eye 
is accommodated for regarding an object at a 
certain distance with maximum sharpness, 
objects nearer and farther away do not give 
sharp images on the retina. There exists, how- 
ever, a certain zone within which all objects 
appear to the eye with the same sharpness. The 
depth of this zone is known as the depth of field, 
which becomes greater as the object viewed is 
farther away. 

In fact, in looking at a scene of which the 
different elements are at very different distances 
from the observer, the accommodation varies 
constantly as the eye concentrates on the various 
points. Thus, in the average sensation which 
results, the most important points are s^ more 
sharply than those of only secondary interest, 
which are, as it were, only seen accidentally. 
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THE OPTICAL IMAGE BEFORE PHOTOGRAPHIC RECORDING 


CHAPTER VI 

THE CAMERA OBSCURA AND PINHOLE PHOTOGRAPHY 


38. The Camera Obscura. The camera obscura 
(Fig. 6.1) appears to have been known at a very 
early date. According to Eder’s Jahrbuch fur 
Photogra^hie, it was mentioned by Ibn al 
Haitam in 1038. In one of his undated manu- 
scripts, the celebrated painter, engineer, and 
philosopher, Leonardo da Vinci, who died in 
1519, describes this phenomenon in the following 
way: “When the images of illuminated objects 
enter a very dark room through a very small 
hole and fall on a piece of white paper at some 
distance from the hole, one sees on the paper 
all the objects in their own forms and colours. 
They will be smaller in size and will appear 
upside down because of the intersection of the 
rays. ... A suitable hole can be made in a 
very thin plate of iron.“ 

Outside the room each illuminated point, 
scattering the light in all directions, sends 
through the aperture a beam of light in the 
form of a very narrow cone. This cone has its 
apex at the object point in question, and its 
base is that of the aperture. Thus it illuminates 
the scattering or translucent screen on which it 
is received by a small spot, which is thus the 
hnage of the p^t object. 

^ Vnthin certain limits, the spot formed by the 
||Fojection of the aperture on the screen will 
become smaller, and consequently the whole 
image sharper, as the aperture itself becomes 
smaller and as the material in which the aperture 
is made is thinner. The image will also become 
sharper as the aperture is moved farther away 
frcmi the screen. In fact, under these conditions, 
the sizes of the individual spots increase much 
less quickly than the dimensions of the image. 
Such images sometimes occur unintentionally 
on photographic plates as parasite images or 
doubles," when there happens to be a small 
hole in the outside wall of the camera, such as 
a screw-hole which has not been stopp^ up. 

The camera obscura was much improved in 
the second part of the sixteenth century by 
Itttng a Mamvex lens at the aperture. In tli^ 


early part of the eighteenth century it was 
developed into a portable instrument similar to 
our present-day cameras, and was frequently 
used by artists as a means of making sketches 
from Nature. 

39. Identity of the Camera Obscura Image 
with an Exact Perspective. In 1568 D. Barbaro 
recommended the use of the camera obscura for 
automatically making perspective drawings. 

Suppose that a sheet of glass is placed in 
front of the camera, parallel to the screen, so 
that the glass plate and screen are equidistant 
from the aperture. The perspective on the glass 
plate, with the aperture as viewpoint, will be 
identical with that on the screen from the same 
viewpoint (Fig. 6.2), as may be shown by simple 
geometry. 

40. Pinhole Photography. Although not much 
practised in recent years, pinhole photography 
can give very useful results in the case of 
inanimate objects ; it even yields images under 
conditions in which it would be impossible to get 
comparable results with the objectives now 
available (Meheux, 1886). 

In order to obtain an image of sufficient 
sharpness it is an advantage to use an aperture 
of the smallest possible diameter in a very thin 
plate, since a thick plate would restrict the field 
due to vignetting (cf. § 56) and would decrease 
the contrast due to reflections from the cylin- 
drical surface of the aperture. A simple experi- 
ment, such as forming the image of a luminous 
filament of an electric lamp, shows that with 
each distance of the object from the camera 
there corresponds, for a given diameter of the 
aperture, a distance from the aperture to the 
receiving screen (e.g. a mat glass) at which the 
greatest possible shaipness of the image is 
obtained. When the aistance of the object is 
large compared with the distance from the aper- 
ture to the screen, the diameter of the “disc of 
confusion" which is formed as an image of each 
point in the object, is at least equal to t)ie dia- 
meter of the pinhole. Because 01 diffraction by 
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the edges of the aperture, each point in the 
object is imaged as a diffraction pattern, the size 
of which decreases as the aperture increases. 
The first phenomenon is more important when 
the aperture is large, and the second when the 
aperture is small. 

Thus according to the laws of geometrical 
optics, the diameter D of the image of a point is 
given by D — d where d is the diameter of the 
pinhole. 

According to physical optics, however, the 
effective diameter of the image of a point source 
is given, approximately, by 



where / is the distance from the aperture to the 
screen, and A is the wavelength of light. The 
optimum conditions are found when the 
diameter as given by geometrical considerations 
is equal to that given by considerations of 
physical optics. Thus 



whence the optimum distance / is given by 


Taking A = 0*0005 mm, / i,oood^ ', Abney 
and Dallmeyer both found / -■ 62^d'^, and 
Colston and Coombes both found / = i,250ff®. 

In the case where it is desired to photograph 
very near objects the optimum extension is 
calculated in just the same way as when using 
an objective of focal length / under the same 
conditions (§ 63). 

The sharpness of images photographed in this 
way, when the conditions are properly adjusted, 
is quite comparable to that of images given by 
soft-focus lenses, and particularly by lenses 
which are not chromatically corrected. 

A considerable angle of field can be covered 
by a pinhole, which can thus be advantageously 
used for photographing monuments in cases when 
it is not possible to go a sufficient distance away. 

The one disadvantage of this process is the 
relatively long exposure required. This, how- 
ever, is of considerably less account now that 
we have at our disposd plates of such extreme 

sensitivity. 

4X* MjiiXdng a Pinhole. It is not very easy 
to obtain commercially metal plates having 
c^brated holes with dean edges suitable for 
pinhole photography. 

In order to malce such a circular aperture in a 


piece of metal foil it is best placed on a strip of 
soft wood or on a piece of lead, and a needle used 
as a punch. The needle should be stuck through 
the centre of a cork along the axis of the latter, 
cut off flush with one end, and the other end 
of the needle then cut about 1/25 in. from the 
other surface of the cork. This projecting end 
must be in the parallel cylindrical part of the 
needle. Now rub the protruding end on an 
oilstone until a plane and polished end with 
sharp edges is obtained. The hole is then made 



Fig. 6.1. F'okmatiun ov the Image in a 
Pinhole camera 



Fig. 6.2. Perspective Rendering by a 
Pinhole Camera 


in the metal foil by giving the top of the cork 
a sharp blow. The e^es of the hole thus made 
should be examined with a strong magnifying 
glass, and, if necessary, made perfectly smooth 
by means of the finest emery paper. To render it 
permanent, the metal foil may ifow be mounted 
between two cards. 

*rhe aperture made in this way may be fixed 
to the front of a camera or any light-tight box 
which can be loaded with a plate or film. A 
card running in grooves makes a sufficiently 
good shutter, since the necessary exposures a^re 
long. The im^e given by a pinhole is generally 
so faint that it cannot be easily examined on a 
ground glass screen. In order to find out the 
width of field which the pinhole gives, an aper- 
ture of about { in. diameter may be tempcrmily 
substituted for it, or, failing this, a spectacle 
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lens of focal length equal to the distance 
previously ascertained as optimum distance 
between aperture and screen for photographing 
distant objects. 

A number of applications of the principles of 
pinhole photography have been made in different 
fields. 

A small camera with four pairs of pinhole 
apertures has been used for photographing the 
internal walls of the stomach (J. Heilpern and 
F. G. Back, 1928), and a high-speed cine 
camera (120,000 frames per second), utilizing 


pinhole apertures has been applied to the study 
of arcing in industrial drcuit-breakers (D. C. 
Prince and W. R. Rankine, 1939). 

The principles of pinhole photography are 
often used in radiography. A small hole in a 
lead foil is first covered with black paper, and 
an exposure made by X-rays. The paper is them 
removed, and another exposure made by white 
light. The positions of parasitic images can 
thus be located. 

The principles of the pinhole camera have been 
recently discussed by E. W. H. Selwyn. 



CHAPTER VII 

(XNERAL PROPERTIES OF OPTICAL SYSTEMS : ABERRATIONS 


42. Lenses. Lenses are masses of glass, bounded, 
by successive moulding, grinding and polishing 
operations, by two spherical^ surfaces, or a 
spherical and a plane surface. According as the 
l^am of light emerging from a lens held up to 
the sun has a diminishing or increasing cross- 
section. the lens is said to be convergent or diver ‘ 
gent ; convergent (or positive) lenses are thicker 
at the centre than at the edge (Fig. 7.1 1 to III) ; 
on the other hand, the edges of divergent (or 
negative) lenses are thicker than the centre (Fig. 
7.1. IV to VI). 

The optic (or principal) axis of a lens is the 
straight line joining the centres of the two 
spherical surfaces, or, in the case of lenses having 
one surface plane, the perpendicular on to that 
surface from the centre of curvature of the other. 
In every combination of lenses the optic 
axes must coincide ; this is known as a centred 
system. 

43. Images Formed by Convergent Lenses. 
The elementary teaching of optics assumes an 
ideal simplicity in the instriunents studied which 
is quite artificial (lenses of zero or negligible 
thickness ; rays at small inclination to the axis 
passing through the lenses close to the axis, 
etc.) . These mathematical fictions can only with 
difficulty be applied to the complex system of 
the photographic lens, often working at a very 
large aperture over a very extended field ; it is 
all the more necessary to call attention to this 
point, as the appheation of the rules thus 
simplified may lead, by mathematical deductions 
whidi are strictly logical but ill-founded, to 
grossly erroneous conclusions. 

Wlm a convergent lens is placed at a suitable 
distance from a luminous object (or more 
generally any well-lit object, stray light 
being excluded) it forms an inverted image 
whi(ffi can be received sharply on a screen placed 
at a detern^ined distance from the lens, this 
screen being, for example, a piece of white paper 

^ Lenses ate often made for sight-correction with 
toroidal and cyUndrioal surfaces, and in recent years 
photogranhk snd^other lenses have been made with 
pssaboloioal, eUipsaidal, and other aspherical surfaces, 
It may be added that many lenses m everyday use 
(pach as some magnifiers, condenseri, etc.) are not 
gnmad and poliahed but are made by moulding ffie 
gHaas in jwBshed moulds. 


viewed by reflected light, or ground glass viewed 
by transmitted light. 

A simple lens (reading-glass of large dia- 
meter or condenser lens), when used to pro- 
ject the image of a window on white paper 
pinned to the opposite wall but placed not 
exactly opposite to the window, provides an 
excellent lesson in optics. The image is rather 
poor, being spoilt by a number of defects or 
aberrations (the only optical instrument that 
can give perfect images is the plane mirror). 
The images of the bars will show rainbow colours 
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Fig. 7.1. Types of Lens Elements 

I Bmodvbx lens I 

II Plano-convex Ions V Positive lenses 

III Converientmeniicus ) 

IV Divergent meniscus I 

V Plano-concave lens >■ Negative lenses 

VI. Biconcave lens ) 

(chromatic aberration), and even if this aberra- 
tion is removed by viewing through suitable 
coloured Alters, the image is not sharp (spherical 
aberration due to the spherical form of the lens 
surfaces) . The image can be improved by cover- 
ing the lens with a opaque paper pierced with 
a circular hole smaller than the lens (diaphragm 
or stop), but is then not so bright. Fuller, it 
is seen that the ims^es of the bars are more or 
less curved (distortion), the curvature varying 
with the position of the diaphragm. The lens 
reqfiirgs to be moved towards or away from the 
paper in order to bring the centre and edges of 
the image successively into focus (curvature of 
^ field). Finally, the image of the vertical bars 
is not sharp at the saxne time as that of the 
horizontal bars, especially at the edge of the 
image (asUgmoHm), 

44. Real Imagefr—Vktual optical 

image (such as we have considm||jb pre- 
vious paragraph), capalfle of betog^pWim 
a mat screen, is called a real image. 

When a cfmveigefit 1^ is pivm at too ijiort 


*9 



30 


PHOTOGRAPHY: THEORY AND PRACTICE 


a distance from an object, it is impossible to 
fonn a real image of the object at any position 
of the screen, but on looki^ through the lens 
an upright, magnified image of the object is 
seen. Such an image, visible only through the 
lens by an observer looking in the direction of 
the object, is called a virtual image. All the 
observational instruments (telescopes, micro* 
scopes, etc.), adjusted for an obkrver with 
normal sight, give virtual images. 


lens. Note that the lenses drawn in Figs. 7.2A 
and 7.2B have the same radii of curvature, and 
the same distance ( 55 ') between centres. 

The nodal points^ N and N' in Figs. 7.2A and 
7.2B are the points in which the external parts 
of the ray would meet the axis if continued. 
In a perfectly corrected system these points, 
called the front and rear nodal points re- 
spectively, are fixed, whatever the direction of 
the rays considered. In other words, any ray 



Fig. 7.2A. Optical Centre 
IN Lens 


Fig. 7.2B. Optical Centre 
Outside Lens 



A divergent lens can give only a virtual, 
upright, diminished image of a real object, 
at a position closer to the observer than the 
object. This property is utilized in the construc- 
tion of ** direct vision" view finders. 

45. 'Optical Centre — ^Nodal Points. The optical 
centre of a lens is a point on its axis such that 
any ray within the lens which passes through it, 
or is directed towards it has its external parts 
(i.e. the continuations of this ray in the air) 
^aUel to each other. This may be seen in 
tig. 7.2A and 7.2B, in which two parallel radii 
have been drawn, one for each surface. If the 
tangents are drawn at the point of intersection 
of each radius with its own surface, these tan- 
gents will also be p^allel, amd it will be realized 
that a ray which joins these two points must 
have its external parts also parallel to each 
other. 

The ray AB in Figs. 7.2A and 7.26 does not 
pass throii^ these points of intersection, but is 
another example of a ray which suffers displace- 
ment but not deviation. It will be seen that the 
t^cal centre can lie either inside or outside the 


which is directed towards the front nodal point 
appears to emerge from the rear nodal point. 
Each nodal point can be regarded as the 
image of the optical centre produced by one of 
the surfaces of the lens, and each nodal point 
can be considered as the image of the other 
nodal point formed by the complete lens. 

The intersections PP' of the surfaces with the 
axis are sometimes called th^o/«s. 

46. Fod — ^Focal Length. Tne image of an 
infinitely distant point (e.g. a star) towards 
which the optic axis of a lens is pointed, is 
the focus of that lens. From considerations 
of symmetry this is necessarily situated on the 
optic axis. As the lens can be turned with 
either face to the point-object, it possesses two 
fod F and F* (Fig. 7.3). In the case of a con- 
vergent lens the foci are the nearest pdnts to 

^ Where the exterior surfaces of an optical instru- 
ment are bounded by the same medium (air in the case 
of a photographic lens) the nodal points are identical 
wilh the principal or Gauu points. This is not tiie case 
with an immersion microscope ol^ective whete^ the 
outside surface touches a liquid in contact wlm the 
preparation. 
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the lens at which a real image can be formed of 
a real object. The word '' focus ** (Latin : hearth) 
recalls the use of burning glasses/* the con- 
centration of rays being a maximum in the 
neighbourhood of the focus so that tinder or 
other inflammable material can be ignited there 
when the lens is directed towards the sun. 

When the two surfaces of the lens are in free 
contact with the air, the distance of each of the 
foci from the corresponding nodal point is the 



Fig. 7.4. Chromatic Aberration 


same ; this distance (NF = N'F') is called the 
focal distance or focal length. For a rough 
approximation and where a thin lens is con- 
sidered, the nodal points can be ignored and the 
focal length reckoned from the optical centre 
C. In many lenses the optical centre is close to 
the diaphragm. Telephoto lenses are the chief 
exception. 

The focal length of an optical instrument is 
one of its essential characteristics. 

47. Chromatic Aberration. The refraction of 
a ray of light passing from one medium to 
another (from air to glass, or vice versa) at 
non-normal incidence has not the same value 
for different colours. Therefore, when a beam 
of white light (§ i) traverses a lens, the sharp 
images formed by light of different colours do 
not coincide. The rays which are refracted 
most, ultra-violet and violet, form their images 
nearer to the lens than those which are refracted 
less, orange and red.^ (Fig. 7,4,) There is thus 
an infinite number of images each corresponding 
with one of the component radiations. In par- 
ticular the position of the foci (images of infi- 

^ CalUng n the mean refractive index of glass and n' 
and the values of the index lor the two rays con- 
eidered, the diflerence of focal length if-f") , expressed in 

tenns of the.mean focal length/, is/-/'' - -- — - ./ 
(longitudinal chromatic aberration). 

Considering the spectrum lines Gand E (corresponding 
with the fF**^ **"^” ?* photographic activity on ordinary 
plates and the maximum physiological activity respec- 
&v^), this expression represents about 0*14 per cent 
of the focal length for crowns and o*z6 per cent for 
/Hnte, the generu designations of two classM of c^tical 
gtaaaMi' 


nitely distant points on the axis) and of the 
ni^al points (images of the optical centre) vary 
with rays of different colours, as does also the 
focal length. 

The practical consequence of this is that 
whatever be the position of the viewing screen 
or the photographic plate on which the image 
is to be recorded, the sharp image corresponding 
with the apex of one of the cones is surrounded 
by bright rings corresponding with sections of 
all the other cones. If the position of the screen 
has been determined visually, and if the image 
is photographed with it in the same position, 
the phenomenon can give rise to an unsharp 
negative. The focus chosen is the best for the 
yellow-green images, which are the brightest 
visually, but in those cases where only blue- 
sensitive materials are used the position of best 
focus lies in the plane of the violet image. This 
defect is sometimes referred to by sa3dng that 
such a lens possesses a chemical focus as distinct 
from the visual focus. 

This inconvenience can be minimized when 
using non-colour-sensitive materials by dis- 
placing the photographic plate by the correct 
amount after visud focusing, or by using, both 
for focusing and photographing, a cdoured 
filter which transmits only a small portion of 
the spectrum. Generally it is preferable to 
correct the chromatic aberration more or less 
completely by the use of at least two glasses Of 
different characteristics, usually a crown and 
a flint, the use of different material allowing 
the images formed by two different colours to | 
be united. Lenses for photography are generally 
corrected for D (yellow) and G (blue-violet) rays 
of the solar spectrum, and are then called ackro- 
matic (from Greek, meaning colourless). For 
some work, in particular colour photo^phy, 
such a correction is insufficient, and coincidence 
of the nodal points and foci for three different 
colours is aimed at, generally by the employment 
of at least three glasses. A lens so* corrected is 
called apochromatic (as defined by Abbe, an 
apockromatic objective should also be ^pianaHc 
(§ 48) for two colours). 

Fig, 7.5 shows the position of focus plotted 
agdnst wavelength for three different types of 
lens. The mean focal plane is indicated by the 
line PP' and the letters A, B, C, D, E, F, G 
represent the positions of the Fraunhofer lines 
on the wavelength scale. 

Achromatic and apochromatic lenses are not 
usually ccurected for infra-red. When photo- 
graphing with infira-ced emulsknis it is therefore 
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necessary to rectify tiic focusing, this correc- 
tion being made once and for all by methodical 
trial and error for each lens. As a rule the exten- 
sion of the camera must be increased, after visual 
focusing, by 0-3 to 0*4 per cent of its value. 

In addition to the above correction for 
longitudinal chroinatic aberration or axial chroma- 
tism, some correction is usually also needed for 
transverse chromatic aberration or lateral chroma- 
tism. This error appears as images of varying 
size for different colours and is of some serious- 
ness in the making of separation negatives for 
colour photography (Chapter LII), where the 
three images must all be of exactly the same size. 

For the study of other aberrations we shall 
suppose that chromatic aberration is eliminated 
by means of a colour 
filter. 

48. Spherical Aberra- 
tion. Among the aberra- 
tions due to the spherical 
curvature of the lens 
surface, the name spher- 
ical aberration is usually 
confined to that shown 
by light-rays at small 
inclinations to the axis. 

If we suppose a lens 
divided into zones con- 
centric to the optic axis, 
which can easily be 
realized in practice by 
means of diaphragms 
with annular apertures 
(Fig. 7.6) centred on the 
axis, the focal length of a 
convergent lens is found 
to diminish progressively 
from the central zone to the edge. For any posi- 
tion of the screen or photographic plate between 
the extreme foci F and F'” (Fig. 7.7), the image 
of a luminous point will be a circle, the bright- 
ness of which diminishes from the centre to the 
edge. The points of intersection of successive 
pairs of rays determine a surface, the form of 
which resembles the bell of a trumpet, along 
which there is a concentration of light. This can 
be observed, for reflected light, on the surface 
of liquid in a teacup, and is called the caustic 
of the beam. 

This aberration may be reduced by the choice 
of suitable curvatures^ for the surfaces, but the 



Fig. 7.5. Chromatic 
Error of Various 
Lenses 

«■■■■«» Apochronutic 

Achxooiatic 

Non-adiTonutic 


* Spherical aberration is at a minimum for a biconvex 
lens of which the surface on which the light is incident 
has a radius of curvature | that of the surface of 


astigmatism (§49) will be increased; also the 
aperture may be reduced, but this will reduce 
the speed (§ 89) ; moreover, if the diaphra^ is 
not close to the lens, rays of different obliquity 
pass through different zones of the lens, thus 
increasing the curvature of field (§ 52). 

As a rule, spherical aberration is corrected by 
making the images produced by two zones of 
the lens coincide, generally the central zone and 
the extreme (marginal) zone, or one close to it. 
This correction, obtained by combining at least 
two different glasses of suitable shape, does not 
hold for intermediate zones. In order to show 
the importance of residual aberrations a curve 
is drawn in the principal section, of which each 
point is defined (Fig. 7.8) 
by the intersection of 
the incident ray with a 
line drawn perpendicular 
to the axis through 
the corresponding focus. 

It is usual to magnify 
the scale of the inter- 
section distances for con- 
venient reading. 

An optical system rigor- 
ously corrected for^ this 
aberration is said to be aplanatic (Greek = 
free from error). Owing to the syllable— ^/an 
this term is often confused with freedom from 
curvature of field. As a matter of fact, no 
photographic lens is rigorously aplanatic. It is 



Fic. 7.7. Spherical Aberration 


possible to correct spherical aberration only for 
ce^ain object distances, which are (elected as 
being those at which the lens will most frequently 
be used, according to the purpose for which it is 
designed. In practice, the correction is sufficient 
for most requirements at intermediate distance^. 
We shall see, however, that the residuals of tlds 
aberration determine the distortion of the image. 


emvgence (for glass of mean refractive index 1*5). 
This minimum aberration is only 64 per cent of ^at ol 
an equiconvex lens of the same focal length. Sph^ieal 
aberration is at a maximnm in the case ela meniecaa* 



Fig. 7.6. Diaphragm 
TO SHOW Spherical 
Aberration 
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49. Astigmatim. Astigmatism (Greek — 
absence of point) is an abmation which is seen 
in oblique rays and arises from the asym- 
metry of the refraction in different sections of 
the beam; the most obvious effect is the con- 
centration of light into two distinct foci. 

This effect may be understood, at least 


the screen is in contact with the lens) ; ellipses, 
becoming flatter and flatter with their long axes 
in the meridian plane, which degenerate to a 
short straight line in that plane ; ellipses orien- 
tated as l^fore but becoming more and more 
circular; a circle; ellipses getting flatter and 
flatter, with their long axes in the sagittal plane ; 



qualitatively, by studying Fig. 7. 9 a and 7.9B. 
Imagine a cylindrical bundle of rays with A A' 
as axis, strifang the lens at an oblique angle. 
The section of that bundle which lies in the 
plane of the diagram (meridian section) will be 
refracted as shown in Fig. 7.9A. The section 
of the bundle which is at right-angles to the plane 
of Fig. 7,9A encounters surfaces of ^eater 
curvature: in fact it encounters a section on 
A*B\ which is shown in Fig. 7.9B and is called 
the sagittal section. The jwint B, to which the 
rays of the meridian section converge, is then 



Fio. 7«9. Abmration of Oblique (a) and Axial 
(B) RaYB 

farther ftfom the lens than the point C, to which 
the rays ill the sagittal section converge. 

If a scre^ (white paper, ground glass, etc.) 
is held perpendicular to the optic axis and 
gfUdually moved away from the lens, the beam 
eipeiging from the tens ^d originating in a 
point source will describe on the screen 
the foQowing 8hiq)es: a ciide (when 


a short straight line in the sagittal plane; 
ellipses again. This experiment can be best 
carried out by using one of the elements of a 
condenser. Fig. 7.10 represents this succession 
of “images" of a point source of light, consid- 
erably exaggerated. The focal lines R and T are 
called radial (or sagittal) and tangential (or 
meridional) respectively. 

50. Tangential and Radial Images. If one tries 
to form an image of a wheel, the centre of which 
lies on the axis of the lens, it is found that it is 
impossible, in the presence of astig^tiam, to 
form a sharp image of the spokes (radial lines) at 
the same time as a sharp image of the rim (whkh 
represents an infinite series of small tangential 
lines) (Fig. 7.1 1), for at the position of the 
radi^ focal line (Fig. 7.10) only the spokes will 
be sharp, and in the position of the tangential 
focal line only the rim of the wheel will be sharp. 
If the two focal lines are not widely separate 
from one another, a more or less sharp image of 
all parts of the object will be found at the inter- 
mediate position where the pencil gives a circular 
patch (circle of least confusion^ C, Fig. 7.10). 

The locus of the ra^al images of infinitely 
distant points (e.g. stars) given by a lens is a sur- 
face Sr (Fig. 7.12), which (at least m the central 
rel^ion] b generadly concave to the lens; the 
ta^ential images lie on another surface 5 |, 
generally less curved than 5 ^. These two sur- 
faces (focal surfaces) have a point of contact 
at the paraxial focus F. 

The radial and tangential images of pointa 
in any plane perpen<£cular to the optic axb 
form analogous surfaces. 

In order to represent the astigmatism of a 
lens, a graphic method b used similar to that 
already taOfkyed for sjflierical aberration (Fig* 
7.8). The di^lacements of ^ two focal surfaces 
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(multiplied by four to facilitate reading of the reduce the curvature of field and asti^atism 
curves) for a lens of 4 in. focal length are plotted for a given obliquity between the principal and 
on theliorizontal scde, while the angle made by secondary optic axes {for example 20°), the 


(multiplied by lour to lacilitate reacimg 01 tne 
curves] for a lens of 4 in. focal length are plotted 
on theliorizontal scale, while the angle made by 
the secondary axis with the principal axis is 
plotted vertically on the scale of 01 in. to the 
degree. Figs. 7.13A and 7.13B from von 
Rohr, show respectively the astigmatism curves 
for a lens partly corrected for astigmatism 
(Orthostigmat type II) and for one well-corrected 
(Planar). 

Correction of astigmatism is only possible by 
the emplo3mient of at least three separated 
lenses, or, if the lenses are to be cemented in 
groups, at least four lenses of different material. 
Two at least of the glasses must form what is 
called an abnormal pair in which the refractive 


astigmatism being sufficiently small at other 
obliquities to be relatively unimportant. 


m 



index varies in the opposite direction to the 
dispersion, thus behaving in a contrary manner 
to the old glasses. ^ 


Fig. 7.10 


A lens corrected for astigmatism is said to be 
stigmatic, or, more usually (in spite of the 
pleonasm), anastigmatic or an anastigmat. 

51. Coma. Coma is an oblique aberration 
which is due to the fact that different zones of 
the lens produce images of different scale, each 
displaced slightly from the position of the secon- 
dary axis, giving a comet-like appearance, from 
which the name of the aberration is derived. 
When the tail of the comet is directed away 
from the principal axis, the phenomenon is 
called “outward coma." The effect of this 


Fig. 7.1 1. Astigmatism of Concentric 
Circles 



Fig. 7.12 Astigmatic Focal Planes 


It is impossible to ensure complete correction 
of astigmatism; all that can be done is to 

* Tbe first glasses to be pro 4 aced which allowed of 
eorcection of astigmatism (glasses with small dispersion 
and high refractive index) were made experimentally 
in France ^ I^'eil in 1880: their manufacture was 
commenced in Germany towards 1890 and for a number 
of years gave a pronounced superiority to German 
optics, the legend of which still persists although 
With little fou^tion in fact. 


aberration, except in the case of isolated 
luminous-point objects (such as stars) is usually 
noticeable as a general reduction in the contrast 
of the image. 

Fig. 7.14, taken from S. P. Thompson, shows 
the cros^section of the beam of light by a jdaiyt 
perpendicular to the axis in the neighbourhood 
of the normal position of the image of a point 
formed by a plano-convex lens, having a dia* 
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phragm like that of Fig. 7.6, but containing 
several annular apertures. 

Coma is often associated with astigmatism, 
but whilst in the case of a lens incompletely 
corrected, astigmatism attains a maximum and 
then decreases as the inclination of the rays 
to the axis increases, coma steadily increases. 
Also, being of zonal origin, coma is much more 




F1G.7.13B. 


rapidly reduced by the use of a small diaphragm 
than is astigmatism. 

The correction of coma, particularly in high- 
aperture objectives, is more difficult than that 
of astigmatism, but it is possible to reduce it by 
suitable choice of curvatures and refractive 
indices.^ 

52. Curvature of the Field. For reasons of 
symmetry, it is easy to see that the images of 
infinitely distant points given by a sphere of 
glass would lie on a spherical surface concentric 
with that of the spherical lens, and of radius 
equal to the focal length. In these circumstances 
the image of a near plane would be a surface of 
still greater curvature. 

' If a biconvex lens giving minimum spherical aberra- 
tion (S 48, note) is compared with a meniscus of the 
same 10^ length with its convex surface towards the 
incident light, it is found that the meniscus, while 
giving very pronounced spherical abeitatioa, has much 
less coma at an angle of incidence of 20**. A symmetrical 
objective is free trom coma when used at unit magni- 
fication. 


The focal surface of a lens of old t3q)e (achro- 
mats, rectilinears, S3anmetricals) always has 
a very marked concavity 
towards ‘the lens, the mean 
radius of curvature being 
between 1-5 times and twice 
the focal length.^ 

In an astigmatic objective 
the surface that is to be con- 
sidered as the locus of the 
image is neither the radial 
nor the tangential surface, 
but an intermediate surface 
containing the circles of 
least confusion (C, Fig. 7.10). 

The practical consequence 
of curvature of the field is 
that, if a plane held perpen- 
dicular. to the axis is dis- 
placed relatively to the lens, 
the position corresponding 
with maximum sharpness of 
the central region of the 
image is more or less distant Fio- IM- Coma 
from that corresponding (s. p. Thompwn) 

with maximum sharpness of 
the marginal regions of the image. In spite of 
the fact that (as we shall see) there is a latitude 
in the position of the focusing screen or photo- 
graphic plate (depth of focus), in focusing th® 




image sharp, curvature of the field sets a 
in every case to the useful angle of field < 
lens. Fig. 7.15, which is essentially onlyi"'* 
matic, Slows the impossibility of 
plane P a sharp image formed 

^ The condition that must be 
field is incompatible with the ^ 

matism, unless an abnormal c 
(§ 30) is used. Ij Q 
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By adjusting the position of P to give a sharp 
focus for the intermediate zone cd, the centrad 
and marginal (ah) parts of the image can be 
considered nearly sharp. The useful fieid of the 
lens is then limited to the angle AOB. 



Fig. 7.16. Types of Distortion 

The curvature of the held of anastigmats is 
always very much less than that of ordinary 
objectives. In the least favourable cases the 
ra^us of curvature of the held is at least four 


cushion shape BBBB (Fig. 7.16) or barrel ^aped 
CCCC, according to the position of the stop 
relatively to the lens. The deformation is 
greater the greater the angle the square subtends 
at the lens. Fig. 7.17 explains in a simple maimer 
the mechanism of this phenomenon. According 
to the position of the stop, different portions of 
an oblique beam possessing aberration are used 
for forming the image, so that the concentration 
of light occurs at different distances from the 
axis, whilst for a pencil parallel to the axis the 
position of the image is independent of the 
position of the diaphragm. The more or less 
blurred images BBBB and CCCC result from 
the selection by the diaphragm of certain rays 
which, in its absence, would give an extremely 
blurred image combining these two partisd 
images. ^ 

The distortion is reversed if the stop is placed 
behind instead of in front, from which the simple 
conclusion was arrived at that by placing the stop 
in the plane of symmetry of an objective formed 
of symmetrical elements the distortion would be 
zero. Although, in fact, distortion is reduced 



times the focal length. For astronomical work 
of great precision, the plates are bent into a 
spherical form, of curvature equal to that of the 
focal surface (which is very small). The glass 
plate, which is tliin, is bent by suction against 
a concave support of cast iron. An earlier 
method of compensation was to place a piano- - 
ccHicave lens against the plate to lengthen the 
focus of the marginal parts of the image (Piazzi 
Sm3rth’s corrector). 

Distortion. It has long been known that 
the image of a square AAAA centred on ^ 
aitia by a meniscus lens will be either a ^fo- 


under these conditions, it will only be zero if 
such an objective (said to be rectilinear) is 'used 
S3mmetricdly, i.e. when producing an image 
of a plane surface the same size. In fact, a 
symmetrical lens, when used with an angtdar 

^ In a lens incompletely corrected for spherical 
aberration of oblique pencils, a displacement of the 
diaphragm in its own plane will produce similar deform- 
ation of the image, which will not be symmetrical if the 
diaphragm is not correctly centred. The same effects 
may arise with any aperture limiting the beam of light, 
e.g. the shutter, when this occupim a position o^er 
than the normal plane of the stop, or the plane of the 
focused image. 
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field of 90** in the photography of distant objects, 
gives quite distinct pincu^on distortion. 

Actually, distortion is a very general pheno- 
menon, being present (although to only a small 
extent) in lenses corrected for astigmatism and 
curvature of the field, in which case it is due in 
part to spherical aberration of the nodal points, 
i.e. to the slight variation in the position of these 
points when light traverses different zones of 
the lens. Fig. 7.18, where the nodal point 
aberration is considerably exaggerated, shows 


{00 ) and the other for an object photographed 
at a reduction of one-tenth (from E. Wanders- 
leb). 

Influence of Temperature. The constants 
used in the calculation of objectives are usually 
taken for a temperature of 20°C. When an 
objective is u^d at widely different temperatures 
(such ^ in high altitude air photography) ^ the 
definition may be seriously affected. A reduction 
in temperature causes a reduction in refractive 
index, and a contraction of the lens elements and 


that in these circumstances the 
images abed of equidistant points ^ v. 

A BCD cannot themselves be 
equidistant, the scale of the 
image (ratio of the object to the a 
image) varying progressively 
from the centre to the edge. 

With pincushion distortion the ^ 

scale increases from centre to 
edges, and the distortion is said 
to be positive ] with barrel dis- 
tortion (negative) the scale D — — 

dea eases from the centre to the 
edge. 

In an unsymmetrical objective q* 
the lens designer can reduce dis- 
tortion to negligible proportions 
for a given object distance.^ (The 
name orthoscopic has sometimes ® v 

been given to images free from 
distortion, but strictly speaking, 
an image is free from distortion A'f 
only if the image of a plane 
object is itself a plane.) For all other object 
distances, distortion will be present, although it 
may be so small as only to be detected by 
laboratory methods. 

Distortion, like the other aberrations, can 
be represented graphically. In Figs. 7.19A and 
7.19B, drawn respectively for a symmetrical and 
an unsymmetrical lens respectively (both by the 
same maker, of equal excellence, and of the same 
aperture), ^e divisions of the vertical scale 
correspond to the angles made by the secondary 
axes with the princip^ axis, ^hile the horizontal 
scale indicates percentage variation of scale, 
poativc‘ (-|-) or negative (-). Two curves are 
shown for each lens, one for objects at infinity 

^ It must not be Infeired generally from this remark 
that beoause a lens is. unsymmetrical it is necessarily 
freer from distortiott than a symmetrical lens. A badly 
deilgaed unsymmetrical ^ens has, bn the contrary, 
more pronounced distortion than the worst of the 
aymmmcaJ lenses. Distortion also varies from lens 
to lens In the seme series. 


mounts, that is, a variation in all the quantities 
(indices, curvatures, thicknesses, and separa- 
tions) introduced in the computation of the 



Fig. 7.18. Distortion due to Spherical 
Aberration of Nodal Points 


original aberrations and of focal length, the 
resultant of which may be in a different direction 
from the change in the size of the camera. The 
choice of suitable materials for the lens-mounts 
and the camera body may allow the plane of the 
film or plate to lie in the plane of best focus, but 
obvioudy cannot correct’ the aberrations intro- 
duced by reduced temperature (J[. W. Perry, 


■u. some optical glasses, the ultra-violet 
transmission increases at low temperatures 
(W. J. Arrol, 1940), which explains certain 
effects observed at these low temperatures. 

When an objective is to be u^ under swh 
circumstances, it is best to test it tmder similar 
conditions, and in particular to check the 
focusing scale. 

It may be noted here that when an objective 

^ It was the pzactice in the Second World War to 
enclose the camera in a heated chamber, or to provide 
it with heated muffles. 
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is not in temperature equilibrium with the 
surrounding air (which takes some time for large- 
diameter objectives) the images tend to be unsharp 
because of local variations of refractive index of 
the air (E. B. Woodford and R, N. Nierenberg, 
1945). At very high altitudes the variation in 
the refractive index of the air introduces an 
appreciable change of 
focus in aerial cameras 
fitted with long-focus 
lenses. 

55. Influence of Dia- 
phragm Aperture on the 
Different Aberrations. 
The employment of 
diaphragms with 
smaller apertures (up 
to a certain limit) im- 
proves the definition 
given by a lens which 
is incompletely cor- 
rected, but the degree 
of improvement is dif- 
ferent for the different 
aberrations. As a rough 
guide (for the primary 
aberrations only) it 
may be said that chro- 
matic aberration varies 
almost directly as the 
diameter of the stop; 
spherical aberration on 
the axis varies as a rule 
■ ^ ^ ^ almost as the cube of 

4 2>5%-5% the diameter. Astig- 

Fic. 7.19A. Fig. 7.19B. matism and curvature 
D18TORT10M ovBR Field field are approxi- 

OF Image mately proportional to 

the diameter and the 
square of the slope of the secondary axis to the 
optic axis ; coma is proportional to this slope 
and to the square of the diameter, approxi- 
mately. Distortion is independent of aperture, 
except when due to spherical aberration of the 
nodd points. These statements are true for small 
apertures and fields ; for a given design the aber- 
rations vary with aperture according to more 
complex rules. 

If we consider chromatic aberration and 
spherical aberration, the above statements lead 
one to suppose that the definition on the axis 
Wfll improve progressively as the aperture is 
reduced. It was shown in § 40, however, that 
the diameter of the image given by a pinhole 
^ increases as the aperture is reduced, according 



to physical optics, and therefore the definition 
must deteriorate. This is due to the fact that 
when aberrations are zero, the image of a point 
source of light consists of a central bright spot, 
surrounded by concentric rings of light of lower 
intensity, and which become progressively 
weaker from ring to ring. Fig. 7.20 shows how 
the intensity varies 
along a line through 
the centre of this dif- 
fraction image. The 
central disc, which is 
of more importance 
than the rings, is called 
the "Airy ^c," after 
the Astronomer Royal, 

G. B. Airy (1830). The phenomenon is a conse- 
quence of the wave nature of light, the study 
of which is called physical optics. 

In view of this we would expect the size of the 
image of a point source, situated on the axis, to 
decrease as the aperture is reduced, to a point 
where the aberrations may be considered 
negligible in comparison with the diffraction 



Fig. 7.21. Marginal Intensity of Image 


due to the wave nature of light. From this 
aperture downwards the image size then logins 
to increase. There is thus an optimum aperture, 
at which the definition is a maximum. 

When we consider the remainder of the field 
the aberrations usually increase as the slope of 
the secondary axis increases. Thus the aperture 
at which the aberrations are balanced out by 
difir^tion effects is smaller than the corres- 
ponding aperture at which the axial definition 
reaches a maximum. Since the centre of the 
field is a geometrical point, it is of no importance 
in comparison with the remainder of the fi^, 
and the optimum aperture, having regard to the 
whole of the image area, is thus lower thrni the 
optimum aperture for the centre of the field. 



Fig. 7.20. Intensity 
Distribution in Dif 
FRACTION image 
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A suitable measure of debnition is the 
resolving power, which is the number of parallel 
equidistant lines per millimetre, which can be 
distinguished in the aerial image or in a negative 
made by the lens. These two resolving powers 
are quite different because of the difference in 
action between the receptors of the eye and the 
photographic emulsion. The resolving power also 



Fig. 7.22. Intensity of Illumination of 
Image over Field of Definition 
A Illumination of Image (100 at centre) 

B B Angle of Incidence of principal ray 

has two different values for points in the field, 
according to whether the lines are directed 
towards the centre of the field, or are at right- 
angles to this direction. 

The optimum aperture for the aerial image 
differs from that for the photographic image, so 
that over a wide range of apertures the aerial 
resolving power decreases with decreasing aper- 
ture, whilst the photographic resolving power 
increases (E. W. H. Sdwyn and J. L. Tearle, 
1946). 

56. Distribution of Light in the Field. No 
objective can give a uniformly bright image of 
a uniformly illuminated surface, even if t& is 
of small extent. 

This can be explained by comparing the effects 
of a beani directed along the axis with one in an 
oblique direction, forming the images P and P' 
respectively (Fig. 7.21). Viewed from the point 
P the lens has the apjoearance of a uniformly 
illuminated circle, whilst viewed from P' the 
appearance is an ellipse, the area of which is 
an wle r than that of the circle by an amount 
Which increases with the obliquity. Further- 


more, P' is farther from 0 than P, and. as is 
well known, the illumination diminishes when 
the source of light is farther away. Finally, the 
oblique beam illuminates the screen or sensitive 
surface in the plane PP', perpendicular to the 
optic axis, less than it would a screen placed 
at^, perpendicular to its mean direction. 

Combining the effects of these different causes 



it is possible to calculate the maximum illumina- 
tion at different angles. Assuming that the 
Inverse Square Law is applicable, the illumina- 
tion / at any angle w to the principal axis is 
given hy / = Iq cos*oj where is the intensity 
of illumination at the centre of the field. This 
is shown graphically in Fig. 7.22. 

In practice the reduction in illumination 
between centre and edge of the field varies 
according to the construction of the lens. If the 
total thickness of the lens is large compared 
with the diameter of the lens, vignetting occurs. 



Fig. 7.24. Lens Aperture for Oblique Pencils 

This is illustrated in Fig. 7.23 which represents 
a lens* mount with the lens etoents removed. 
For a certain aperture of the diaphragm DD, all 
those rays more oblique than A A would be 
partially intercepted by the lens cell and the 
tube. If the diaphragm is replaced by a smaller 
one D*D*, the limit of obliquity for which there 
is no cutting oft is increaseiL since, in these 
circumstances, the beam BB passes freely. 
From this it is seen that reducing the aperture 
of the stop reduces the variation in brightness 
across the field. This phenomenon can be 
observed by moving the e^ in the plane of the 
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sharp image formed by the lens. It is then seen 
(Fig. 7.24) that the aperture of the stop DD is 
more and more covered by the lens rims L 
and U as the eye moves away from the 
optic axis. 

Because of these effects, the intensity of 
illumination at, say, 25° from the axis may be 
only 50 per cent of that on the axis, as against 
the 67 per cent given by the cos^ formula. 

Often the diameters of the front and rear 
elements of a lens are just sufficient to cover the 
stated aperture of the lens for the axial image 
only, with the result that vignetting occurs for 
off-axis images. This assists the lens designer, 
since troublesome aberrations at the higher 
obliquities may be reduced by this stopping 



down of the aperture. Lenses are sometimes 
claimed to have ‘‘extra marginal illumination"' 
when the designer has provided sufficiently large 
external elements to maintain the cos^o) law as 
far as possible. 

Amongst the devices used for compensating 
for this variation, even approximately, may be 
mentioned : (i) an opaque stop or a truncated 
cone placed at some distance in front of the lens 
to cut ofi some of the central rays ; (ii) a star- 
shaped diaphragm, placed in front of the lens 
and rotated by blowing, during exposure ; (iii) 
a graduated neutral filter placed in front of the 
photographic plate : this may consist of a nega- 
tive of a uniformly illuminated surface taken 
with the same lens, or a p^no-convex lens of 
neutral glass cemented to a -plano-concave lens 
of ctear glass to form a plane-parallel plate. 

57. FMild Uhnnttiatod ; Fidd Covered. We 
have just seen that the image plane receives no 
hl^t at an angle greater tl^ a certain value. 
lEtotation of the secondary axis corresponding to 
tiiis an^ round the optic axis generates a 
cone of which the vertex angle (twice this 


limiting inclination to the axis) is the diigb 0 / 
the field illuminated. This cone cuts the &age 
plane in a circle. 

The image, which is sharp at the Cffltre of the 
circle, becomes as a rule u^ess at the edge as 
much from want of sharpness as from insufficient 
illumination. If we agree to accept a certain 
minimum standard of definition, then at a cer- 
tain aperture of the diaphragm the images of 
distant objects will be useful within a circle, 
concentric with the circle of illumination, which 
is the drde of good definition under the given 
conditions. The vertex angle of the cone formed 


Fig. 7.25. Images by Internal 
Reflection 


by the secondary rays passing through this 
circle is the angle of field covered sharply. If the 
plane of the focused image moves away from the 
lens (as when the object approaches it) the angle 
of field sharply covered remains the same, but 
the circle of good definition, being the inter- 
section of the cone with a plane farther from the 
vertex, increases. 

The employment of a small stop to improve 
the definition of the oblique images and to 
equalize the illumination over the field often 
has the effect of increasing the field of view as 
well, but this must not be taken as a general 
rule. Lens catalogues indicate (or should) the 
angle of field covered sharply for each lens at 
difierent apertures, or the diameters of the 
circles covered, for an object at infinity. Any 
rectangular shape that can be inscribed in that 
circle will then receive a sharp image. This 
amounts to saying that all plate sizes of which 
the diagonal is less than tl^ diameter vill be 
sharply covered in the specified circumstances. 

58. Loss of Light in Pasamg through a Lans. 
A beam of light passing through transpuent 
matter undergoes loss, partly by absorption and 
partly by reflection at the entrance and emeig* 
ence surfaces. 
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Loss by absorption within the glass of a 
modem lens is generally very small, often 
negligible, for visible rays. The mean values 
of transmission (not reckoning loss by reflection, 
to be examined later) are indicated below for 
different total thickness of glass, expressed in 
centimetres — 

ThickneMincm 1 a 3 4 S 6 

Tranamiition % 97*6 95-3 93 90*7 8«*5 *6*4 

This loss is much greater for ultra-violet 
radiation, which is. however, useless and indeed 
often haimful in current photographic practice. 
The loss of light by absorption may be consider- 
able in old lenses, certain glasses of which have 
a pronormced yellow coloration. 

Loss by reflection at the surfaces of the lens 
is generally more considerable than loss by 
absorption. In objectives containing one or 
more cemented lenses the loss is negligible at 
the cemented surfaces (about i per cent) ; we 
need therefore to consider only losses at glass-air 
surfaces. The mean values of transmission (not 
reckoning loss by absorption, examined above) 
are given below for one, two, three, or four 
lenses in air, supposing that the polish is perfect. 

Number of glan-atr surfaces . . s 4 6 8 

TransnussioD % ... . B97 (io'4 72'X 64*6 

To obtain the total transmission approxi- 
mately, reckoning both causes of loss, it would 
be sufficient to multiply one factor by the other, 
e.g. a lens containing six glass-air surfaces in 
which the total of the thicknesses of the com- 
ponents is 3 cm transmits approximately. 

72*1 X 0*93 = 67 per cent. 

59. Anti-reflection Coatings. The reflectivity 
of glass may be reduced considerably by 
coating the surface with a thin film of suitable 
material. This phenomenon was first observed 
by H. D. Taylor in 1892, and was put to prac- 
tical advantage by J. Strong in 1935, by 
depositing a film of calcium or magnesium 
fluoride on the lens surface in vacuum. 

This reduction in reflectivity, with a corres- 
ponding increase in transmission, is an inter- 
ference phenomenon. The xseflectivity can be 
reduced to aero, for a given wavelength of radia- 
tion, and a given angle of incidence. In the case 
of normal mddence, the flrst condition is that the 
thickness of the film should be an odd multiple 
of the half-wavelength of light, the best results 
•being obtained whibn a half-wavelength thickness 
is vied. The second ^condition is that the 
refractive index of the surface film should be 
equal to the square root of the refractive index 


of the glass on which it is deposited. This 
condition would appear unattainable, since no 
suitable substance has a refractive index lower 
than 1-4, whilst the required index must be 
1*22 to 1*3 when the index of the glass is 1*5 to 
17. Fortunately, in these thin films the 
refractive index is much lower than that of the 
same substance when measured in the bulk. 

It is relatively easy to reduce the reflectivity 
to i of its natural value, the transmission thus 
increasing for a glass of index 1*5 from 93 per 
cent to 98 per cent for a single element, and from 



Fig. 7.26. Falss Images 
(R. Schiittauf) 


60 p)er cent to 88 per cent for a system with 6 
independent elements. 

In practice it is necessary to reduce the reflec- 
tivity to a minimum for green light (550 m/4), the 
film having a magenta appearance. 

The diflerent methods of producing anti- 
reflection coatings can be divided into two 
groups, according to whether the film is depo- 
sited on the glass (physical, or additive method) 
or is made by surface action on the glass (chemi- 
cal, or subtractive method). Chemical methods 
are applicable to certain t3q}es of glass only, 
and are therefore not so universal. The physical 
methods consist either of evaporation in vacuo 
or of spinning by centrifuge. The latter is 
receiving attention at present, although the 
majority of coated lenses are prepared by 
Strong's method. Heating the lenses during the 
process leads to exceedingly hard films. 

60. Effect of Internal Reflection. The light 
reflected at each free surface is, unfortunatdy, 
not lost ; a part of the beam which has sufieied 
several internal reflections is sent back to the 
object, but another part passes on to the plate. 
In Fig. 7.25 it is seen that the beam which forms 
the image P also gives an image on the dde 
of the object, after one internal reflection, and 
an image A on the side of the im^e P after 
two internal reflections. ' If the incident beam 
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is sufficiently intense, and if the exposure is 
sufficiently long, these images will be registered 
on the photographic plate as circular or elliptical 
areas of relatively large dimensions. The num- 
ber of parasite (ghost) images reflected to the 
plate will be greater the greater the number of 
glass-air surfaces. The intensity of the images 



Fig. 7.27. Veil from Internal Reflection 
(E. Goldberg) 


diminishes according as the number of reflections 
the beam has undergone is greater. 

Number of glaiS'Air eurfaoes 8 

Number of ghost images . 38 

These ghost images appear frequently in 
photographs taken at night, which have had a 
long exposure and where the view contains light- 
sources of great intensity towards the edge of 
the field. Owing to the S3mimetry of the lens 
round its axis, the secondary axis of the different 
beams arising from the same original beam are 
contained in a meridian plane. The centres of 
the areas corresponding with a single point 
-source are thus all situated on the straight line 
which joins the image of the point and the point 
where the optic axis cuts the sensitive suriace. 
Fig. 7.96 (from R. Schiittauf) shows the limits of 
the six glkost images given by a rectilinear lens 
(symmetrical lens of two groups each consisting 
of two cemented lenses, so that there are in aU 
four glass-air surfaces) where the object is a 
bright point on a black background. This 
phenomenon may easily be observed by placing 
a piece of opaque paper on the focusing screen 
of a camera, midway between the centre and a 
comer. If the camera is now directed towards 
the sun, so that the image of the sun falls on 
riie opaque paper, a number of bright circles will 
be seen, which would have been invisible if the 
brighter image of the sun had remained within 
the field. 

In some of the old lenses one of the internally 
^reflected beams gave almost a sharp image of 


the stop in the image plane, somewhat enlarged, 
centred on the optic axis, and superposing a 
bright patch (called the centrtd flare spot) on 
the image. 

In regular photographic work these ghost 
images are not seen individually, but the light 
directed towards the plate after internal reflec- 
tion forms a slight fog over the whole image, 
reducing contrast. Fig. 7.27 (from measure- 
ments made by E. Goldberg) shows the effect of 
these internal reflections for an f/6-8 objective 
containing four indei)endent lenses (eight glass- 
air surfaces) photographing a landscape of which 
HH is the horizon. Successive reflections of the 
light from the sky produce on that part of the 
plate on which the landscape is recorded an 
amount of light which decreases as the distance 
from the horizon line becomes greater. The 
circles in dotted lines correspond to different 
obliquities of the beam ; the curves in full line 
join points of the image in which the parasite 
light has an intensity equal to 6 per cent, 5 per 
cent, ... 2 per cent of that in the image of the 
sky. The intensity of this parasitical light is 
reduced appreciably when the lens is stopped 
down. 

The same author has been able to establish 
the fact that from these reflections and from 
the unavoidable light scatter at the surfaces. 


Fig. 7.28. Small Cube as Fig. 7.29. Duplex 
Seen by a Large Lens Diaphragm 

even if perfectly polished and kept perfectly 
clean, the extreme contrast in the image yielded 
by a lens is always less than in the subject itself 
examined from the same viewpoint. A subject 
having a range of contrasts infinitely great is 
reduced to a contrast about 200 : i with a 
single lens and to about 60 : i with an anastig- 
mat giving a sharp image over a relatively large 
field. It should be noted that the stray light 
which produces this reduction in contrast does 
not represent a fraction of the light coming from 
the subject, but a fraction of the total light falling 
on the objective, including that which is outside 
the field of view. To obtain maximum contrast, 
a lens hood should alwa3rs be used. 



A 








GENERAL PROPERTIES OF OPTICAL SYSTEMS 


43 


Goldberg's measurements confirm the experi- 
ence of the old photographers, who used for 
landscape work a single objective consisting of a 
number of lenses cemented together, considering 
that this type gave more brilliant images.^ 

6i. Stereoscopic Effects. A lens of very large 
diameter, such as some at one time used as 
portrait lenses, gives an image of a near object 
in which appear certain parts of the subject 
which an eye (placed as close as possible to the 
lens) would see only if moved from right to left 
(Brewster, i860) and up and down. The image 
of a small cube isolated in space, e.g. a dice 
suspended by a thread in the optic axis of 
such a lens, would show five faces (Fig. 7.28), 
presenting thus the appearance of a truncated 
pyramid seen from the direction of the small 
end. 

It has long been recognized that it is possible 
to obtain with such a lens, fixed with respect 
to the object photographed, two stereoscopic 
images by using an eccentric stop, rotated 
through 180® between the exposures, the aper- 
ture being i J in. in a horizontal direction from 
the centre, so that two successive positions of 
the aperture are at a distance apart equal to the 
mean separation of the eyes. The diaphragm 
merely extracts from the complete image certain 
details by isolating certain light-rays. 

It has also been proposed (Lehmann, 1878; 
Boissonas, 1900, etc.) to use with large lenses a 
diaphragm with two apertures (Fig. 7.29) to 
obtain a single image in which the doubling of 
certain outlines would suggest some idea of 
relief. 

The painter or draughtsman, observing his 
model with two eyes, synthesizes the two views. 
It thus seems logical for the portrait photo- 
grapher to use a lens of which the useful diameter 
is at least equal to, preferably greater than, the 
mean separation of the eyes (G. Cromer, 1921), 
without, however, falling into an exaggeration 
which, viewed at a short distance, would spoil 
the image. A lens of small diameter gives a 
view as seen by a one-eyed person. 

In scientific photography, in which a mathe- 
matically correct pers^ctive is reqmred, the 
use of lenses of large diameter should, on the 
contrary, be avoided. 

' E. Goldberg defines brilliance of an objeUive by the 
logarithm of the ratio ‘where /q the Uluminn- 
tbn of the image of a nniformly illuminated hemisphere 
centred at the optical centra of the leoto, and 1- the 
iUumination of a point of the image of an absolutely 
black dbject (liy) placed at the Intersection of the 
hemisphere and the optic axis. 


62. Defects of Workmanship and of Material. 

Photographic lenses made by reputable manu- 
facturers are always carefully examined before 
leaving the workshops, and run hardly any risk 
of showing any faulty material or bad workman- 
ship, but these faults are sometimes met with in 
lenses which cany no maker’s name or bear a 
more or less fancy name. 

Defects of material comprise non-homogeneity 
of the glass and imperfect annealing. 

Want of homogeneity is not usiudly evident 
except in lenses of large diameter; it can be 
reco^zed by forming on a ground glass screen 
the image of a point source of light (e.g. the 
image of the sun in a well-polished met^ ball 
or small silvered bulb) close to the axis of 
the lens. If now the screen is moved out of 
focus until a circle of light of about J in. diameter 
is obtained, any defect will be visible as striae 
or dairk zones. 

Bad annealing, which gives rise to doMe 
refraction of the rays of light (leading to a 
doubling of the image) can only be seen by 
examination in polanzed light in an optical 
laboratoiy provided with the proper equipment.^ 

Excessive pressure on the glass in its mount 
may also lead to double refraction. 

Beginners have a tendency to consider the 
bubbles seen in every anastigmat as a defect. 
These bubbles, enclosed in the glass in the 
course of the second melting (after the first 
melting has been broken up and faulty pieces 
rejected) cannot be removed except by com- 
pletely liquefying the glass, which would have 
the effect of separating the constituents in the 
order of their density and thus cause a defect 
much more serious than the bubbles, of which the 
sole effect is to diffuse about one-thousandth part 
of the light— an absolutely negligible amount. 

One fault most frequently met in commercial 
objectives is bad centring, due largely to incor- 
rect alignment of mounts. In bad cases this can 
be detected by looking at the images of a point 
source «of light reflected in the lens surfaces; 
these should lie exactly on a straight line. 

There is a regrettable tendency amongst 
some camera manufacturers to buy lens elements 
in individual mounts, which are then screwed 
into between-lens shutters. Unless careful 
optical control is maintained the standard of 
performance of such lenses is certain to be 
unreliable. 

^ If the lens is placed between crossed polarizing 
filters (§ 122) these faults will show as alternate light 
and dark areas. 



CHAPTER VIII 

FOCAL LENGTH OF LENSES : IMAGE SCALE : CONJUGATE POINTS 

63. Conjugate Points. When a point R* is the negative vergence of the beam (— i/w), the 
imageof apoint R (Fig. 8.1) formed by an optical emergent beam will have vergence i/v where 
system, the point R is also the image of R' 

(principle of reversibility of light rays^); the ij^ — ^ ij^ 

points of such a pair are two conjugate points of / 

the optical system considered. Various formulae or i/v -f i/w = i// 

and simple graphical constructions enable us, 

when the focal length of a lens and the positions If, instead of considering distances from the 
of the nodal points or foci (§§ 45 and 46) are nodal points, we measure our distances from the 



Fig. 8.1. Image Formation 


known, to determine the position of the image 
of a point the position of which is known. 

In the theoretical discussion which follows 
we assume that the lens does not suffer from 
aberrations. Except when otherwise stated, all 
distances are measured from the appropriate 
nodal point. 

The power of a lens (convergent power or con- 
vergence) is the reciprocal, 1//, of the focal length ; 
when the focal len^h is measured in metres the 
p^er of the system is expressed in diopters. 
^us,ior example, a lens of 0'20 m (8 in.) focal 
length has a power of 1/0*20, or 5 diopters. 

Theeflect of an optical system is to add its con- 
vergence (or subtract, in the case of a divergent 
system, i.e. of negative vergence) to that of the 
light beams passing through it. A point at 
distance u from the front nodal point sends to 
the system a divergent beam of which the 
vergence is -i/m. If the convergence (positive 
vergence) i// of the system is greater than the 

^ The principle of reversibility » frequently misin- 
teroreted. For instance, if a number of points at 
diftoent distances from the lens have been photo- 
graphed on a flat plate it cannot be expected that by 
a reversal process the images of the photographed 
points will comcide with the system of points photo- 
gn^ihed. Again, an image defaced by aberrations 
Mistortion excepbd) will not, by a system of reversal, 
fonn a sharp image. Even a sharp photograph cannot, 
by revenai, ykAi an image as sh^ as the original, 
iiace the abemtions in each process add up. 


front and back focal points (i.e. by replacing u 
and V by i -f / and d* f respectively), we 
obtain the law of conjugate points in the 
convenient form given by Newton — 

dxd'=P 

Expressed in words, this means that the distance 
from the object to the front focal point, multiplied 
by the distance from the image to the back focal 
point, is equal to the square of the focal leng^. 

Among the different methods of graphic- 
ally representing the law of conjugate points, the 
following (Lissajous, 1870) enables us to account 
for all the practical consequences of this rela- 
tionship at first sight. Construct a square (Fig. 
8.2) NFMF\ of which the sides are equal to 
the focal length of the lens consider^, and 
produce the sides NF and NF' to X and Y 
respectively. From the origin N mark off NR 
on NX equal to the distance (w) of the point 
object (FR is thus the extra focal distance d ) ; 
join RM and produce it to meet NY in R', The 
length NR' is equal to the distance v of the point- 
image and FR' is the focal distance d'. If now 
RR' is rotated about M, its intersections (pro- 
duced if necessary) with NX, NY correspond to 
two conjugate points.^ It is seen that as R 

^ This property can be verified by consideration of the 
similarity of the triangles MFR, RFM or by equating 
the area of the triangle RNR' to the turn of the areas 
of the square and the two triangles MFR and FFM. 
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moves away from the lens, R moves nearer to it, 
and vice versa. When R moves to infinity, the 
straight line MR becomes parallel to NX, and 
R coincides with R. Inversely, if R approaches 
F, the straight line RM becomes parallel to NY 
and consequently R recedes to infinity. 

V . 


64. Relations between the Size of Object and 
Image. If we consider a lens without appreciable 
distortion or curvature of the field (which would 
obviously not be the case with the meniscus 
represented in Fig. 8.3), we know that the images 
of all points on a plane perpendicular to the 



If the point R approaches closer to the lens 
than the focal length, e.g. to the position marked 
r, the straight Ime MT no longer meets NY, 
but its prolongation NY\ in T\ corresponding 
to a virtual image (§ 44). 

A particularly interesting case is that in which 
the distance from the object S to the nodal 


optic axis lie on another plane also perpen- 
dicular to the optic axis. Knowing also that 
the exterior parts of a secondary axis are 
parallel straight lines (lines joining object and 
image points to the corresponding nodal points), 
we can determine the scale of the image (relation 
between corresponding dimensions of object and 



point is twice the focal len^h. In this case 
FS MF, and the straight Une Jlf 5 is inclined 
at 45°, and S' is such that NS' = NS. The two 
points S and S' at equal distances from their 
resp^tive nodal points are called the synh 
mdrical points at the lens; their separation is 
the shortest distance that can exist between a 
point object and its real image. Another 
particular case, bht of no practical interest, is 
that where the points R^and R coincide with N ; 
this leads to the fact already mentioned (§ 45) 
that the nodal points are conjugate. 


image) of an object of which the position is 
known relatively to a lens of known focal length. 

Let us suppose that the length of the image 
of an arrow RQ (Fig. 8.3) of length I perpen- 
dicular to the axis, at a distance v, is to be 
determined. Join by a straight line the point Q 
to the front nodal point N, and draw through 
the back nodal point N' a line paraM to 
to meet in the straight line R'Q' through R\ 
(the image of R), paLiaUel to Ri^.' The point Q* 
is the image of Q, and the element of Ime RQ* 
is the image of R^. The length I* of t^ image 
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can be ascertained from /, since the triangles 
RQN and R*Q'N' are similar. 

The scale of reproduction m is then equal to 
the ratio of the ultra-nodal distances of image 
and object 

m = Vjl = v/u 

By replacing u by vjm in the expression i/u 
ijv = i/f, we find that 

w = (I 4- i/w)/ 
and V = (i -1- w) / 

It is often useful to know the distance between 
object and image in terms of the magnification 
and focal length. 

This is given as 


scale of the image, since this will vary from 
point to point. It should be mentioned here that 
in the most general case, where such an image 
is photographed on a plane perpendicular to 
the axis, the relative dimensions of the different 
parts of the image are inversely proportional 
to the ultra-nodal distances of the corresponding 
point objects, and not to their ultra-focal dis- 
tances, the point images being all on the same 


M M‘ 



where i is the inter-nodal distance, which can 
usually be neglected. 

Another expression relating object and image 
is the distance x* which the lens (or focusing 
screen) must be moved from the infinity 
position when the object is moved from infinity 
to a finite distance u. This is 

There is a reduction whenever the object is 
farther from the lens than its image, and 
magnification whenever the object is closer to 



Fig. 8.4. Gbohxtry of Image Formation 


the lens than to its image. The scale is zero 
when the object is at an infinitely great dis- 
tance (e.g. the stars). The distance between 
the images of two ^tant objects cannot be 
determined from considerations of scale. It is 
determined from the angle seen to subtend the 
two point objects, e.g. the solar disc is viewed 
from the earth under an angle of 32 minutes of 
arc (apparent diameter) i.e. about i/iooth of this 
distance. The image of the sun will thus be 
equal to i/iooth of the focal length of the lens 
The mean diameter of the lunar image is 
about the same size as that of the sun. 

When the object photographed has a certain 
dep&; It is no longer possible to speak of the 


Fig. 8.5. Image Formation on Inclined Surface 

plane and no longer the conjugates of the point 
objects. 

65. Graphical Construction of the Image 
Formed by an Optical System. Knowing the 
position of a point object Q relatively to the 
foci F and F\ and the nodal points JV and JV' of 
an optical system, the position of the image Q* 
can be determined as follows: Draw the optic 
axis FF' (Fig. 8.4), and at N and iV' draw per- 
pendiculars to it to indicate the nodal planes. 
From Q draw a straight line parallel to the axis, 
meeting the nodal plane of emergence in the 
point a'; a' is the image of a, the intersection 
of the ray with the front nodal plane. The 
emergent ray will then pass through the focus 
F\ since all incident rays parallel to the axis, 
after refraction, meet the optic axis at the 
back focus. Draw another line QF and produce 
it to meet the front nodal plane in h ; the image 
of 6 is 6' on a line through h parallel to the axis, 
which is also the emergent ray. Q', the inter- 
section of a!F' and hh\ is the image required. 
The accuracy of the construction can be tested 
by seeing whether QN, Q'N' of the secondary 
axis are parallel to one another. 

66. Image of a Plane Inclined to the Axis. 
Consider a lens of which the foci and nodal 
points are F, F' and N, N* respectively (Fig. 8.5), 
and let R and R* be two conjugate points, li 
a plane perpendicular to the plane of the paper 
meets the optic axis obliquely at R, aU the 
points in this plane (at least all those not to 
from the axis) form their images on another 
plane, also meeting the optic axis obliquely at 
R' and perpendicular to the plane of the paper. 
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This image plane is defined by the condition 
that its intersection M' with the back nodal 
plane should be the image of the intersection 
Af of the object plane with the front nodal plane. 

It is easily seen that the im^e is deformed 
relatively to the object. In particular the points 
on the line X, the intersection of the object 
plane with the front focal plane, will be imaged 
at infinity, the secondary axes NX, N'X' being 
parallel. In the same way infinitely distant 
points of the object plane in the direction NY 
will be imaged on the straight line Y\ the inter- 
section of the image plane with the back focal 
plane. On this straight line all the vanishing 
points of parallel straight lines in the object 
plane will be imaged, while all lines meeting in 
X will be parallels in the image plane. 

This manner of distorting is made use of for 
correcting the perspective of photographs acci- 
dentally taken on an inclined plane (by making 
all the vanishing points of vertical lines in such 
a perspective meet in X, they will be corrected 
in the image), or for making lantern slides which 
are to be projected obliquely. We shall return to 
this subject in more detail in Chapter XLVIII. 

67. Experimental Determination of the Focal 
Length of a Lens. The method of measuring 
the focal length usually described consists in 
focusing a distant object (distant at least 
1,000 times the focal length to be measured) in 
the camera, then focusing an equal size image 
of an easily measurable geometrical figure (e.g. 
a circle or equilateral triangle). The amount 
the camera has to be extended between the 
two positions is exactly the focal length. 

If it is not possible to extend the camera front 
sufficiently to obtain an equal-size image, it is 
sufficient to obtain a second position at a reduc- 
tion of m. The distance through which the 
focusing screen is moved is thus v—f. Since 

V = (m 4 - i)/, it follows that / = - — ^ . It 

m 

should be noted that m should be as large as 
possible, to avoid errors in measurement. 

Instead of focusing on a distant object, two 
finite ol^ect distances can be used. The method 
is to focus a scale at two different magnifications, 
mi and m,%t and to measure the difference 
v, — Vj between the two image distances. Then, 
Moe i; = (ift -f i)/, we have 

h = K + I)/ , 

Uj SB (m, -f-' i)fi 

whence / = 

^ m,— mi 


In other words, the focal length is the differ- 
ence in extension measured, divided by the diff- 
erence between the two scales of reproduction. 

If, for example, the test object is an equilateral 
triangle of which the sides are 4*8 in. long, 
reduced in the two positions to 3-6 and 1*6 in. 
(scales of reduction 075 and 0*33 respectively) 
and that the increase in camera extension is 
2’8 in., the focal length will be given by 

2-8/0-42 = 6*67 in. 

The position of the back focus could be easily 
found by measuring the ultra-focal distance 
nf from one of the positions of the image 
towards the lens. The position of the back 
nodal would be given by measuring a further 
distance / towards the lens. 

In both of these methods care should be taken 
to ensure parallelism between object plane and 
focusing screen, and it is convenient to reverse 
the focusing screen so that the images can be 
measured directly on the ground glass side. 

Where the only camera available is capable 
of only a small range of focus (which is the case 
with a large number of hand cameras) the above 
method is not possible, and the following method 
can be used based on the formula 


given in §64 (Debenham, 1879). Having 
focused the image of a geometrical figure and 
determined the scale m, the total distance / 
between object and image is measured. This 
distance is the sum of the two ultra-nodal 
distances u and v increased or diminished by 
the nodal interval i (separation of the nodal 
points) according as the nodal points are in the 
normal position or crossed (the nodal points are 
said to be crossed when the back nodal point 
is the nearer to the front focus, which is opposite 
to ihe case of the systems previously considered). 

If is very small (which will always be 
the case in small cameras) i/w will be very large, 
and consequently the error arising from neglect- 
ing the intemodal di^ance will be divided by 
a number generally greater than 10 and will 
therefore nearly always be negligible, except in 
telephoto and single lenses of convertible sets. 
If, for example, a lens of 6 in. focal length has 
an intemod^ distance of 0*12 in., if the scale 
of reduction is 1/10, and the tot^ separation 
between object and image is 71-5 in., the for* 
mula gives a focal length of 5*9^** which is 


5— {G.s6so) 
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sufficient approximation for all practical pur- 
poses. 

A variation of this method will avoid the 
error arising from neglecting the internodal 
distance, whatever its value, and at the same 
time determine it. Having measured the total 
distances I and V for two scales m and m\ the 



Fig. 8.6. Collimator Method of Determining 
Focal Length 


focal length F and internodal distance # are 
given by 

respectively. 

If, for example, it has been found that 
for m = il$ / = 43*6 in. 
m' = i/3 r = 324 in. 
it follows that 

1-866 = 

and i = 43-6 - 6(2 + 5 + i/5) 

= 43*6 - 43*2 = 0*4 in. 

These methods of measurement of focal length 
presuppose that the lens is free from distortion. 
That is to say, if a ray is directed towards the 
front nodal point so as to make an angle p with 
the prindpd axis (Fig. 8.6) it will strike the 
focal plane at a distance y' from the principal 
axis such that y* —f tan p. The equivalent 
focal length can be measured in the latoatory, 
using a single collimator whose direction can 
changed, or a number of collimators placed at 
fixed angles to the principal axis. The values 
of y' can then be found, and the equivalent 
foc^ length is defined as the limiting value of 
y/tan Pdi&p approaches zero, 

The British Standards Institution recommend 


that the equivalent focal length so measured 
should be within ± 4 per cent of the value 
marked on the lens. 

For accurate photogrammetric work it is 
necessary to know the calibrated focal len^h. If 
the lens suffers from distortion, however slightly, 
the distance of the image from the principisd 
axis will be greater or less than the value given 
by the y' = / tan ^ formula. That is, 

y' = / tan ^ -f Ay' 

where Ay' is a measure of the distortion. To 
measure the calibrated focal length it is neces- 
sary to carry out the laboratory method des- 
cribed above for the equivalent focal length, 
and then find a value of / which will give equal 
maximum and minimum values of Ay'. For 
this type of work the British Standards Institu- 
tion recommend that the value of the calibrated 
focal length should be within ± o*i per cent of 
the value marked on the lens. 

68. Direct Determination of the Position of 
the Nodal Points and the Focal Length. If the 
lens is rotated about an axis perpendicular to 
the optic axis, and containing the back nodal 
point, the images of very distant points remain 
fixed during the rotation, at least if it is not 
large and if the angle between the secondary 
axis to the point object and the optic axis is 
never very great (Moessard, 1889). 

To explain this, consider a lens (Fig. 8.7) 
which, for the sake of simplicity, we suppose to 
be reduced to the nodal planes N^Ng, The image 
of an infinitely distant object in the direction 
NiM on the axis is formed at the focus F. 
After rotation about an axis perpendicular to 
the optic axis through the nodal point of 
emergence Ng, the nodal point of incidence will 
move to N/. The point object being infinitely 
distant, the secondary axis N^M' to this point 
is parallel to NiM. By virtue of the defiiujtion 
of the nodal points (§ 45) the two exterior parts 
of the secondary axis are parallel to one another ; 
the secondary axis thus emerges from the lens 
in the direction NgF. 

This property, which is made use of in the 
greater number of panoramic cameras, can also 
be utilized to determine the position of the 
nodal points and the focal length dhrectly: The 
lens being mounted so that it can be moved to 
and fro on a platform which can rotate about a 
vertical pivot, the image is formed on a fixed 
screen and observed while the lens is moved on 
the platform until a position is found sudi that 
the images of distant points remain stationary 
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while the lens is rotated. The nodal point is 
then on the axis of rotation and the distance of 
this axis from the screen is the focal length 
required (Moessard Tourniquet, 1893). Turning 
the lens end for end, the other nodal point can 
be found similarly, and a second measurement 


We shall suppose, in what follows, that the 
nodal points coincide with the optical centre. 
If this is not accurately true, it will be necessary 
to assign to one of the nodal points the position 
indicated by the centre, and move the conjugate 
point corresponding to the other nodal point 



made of the focal length, which gives a useful 
check on the first measurement. 

The displacements of the image noticed when 
the angle of rotation is large enable us to deter- 
mine the form of the focal surface point by 
point, and to study the various aberrations of 
the image. 

69. Automatic Adjustment of Object and 
Image. The relations between the ultra-focal 


in an appropriate direction by an amount equal 
to the nodal interval. 

I. Consider (Fig. 8.8) two points 0 and /, 
free to move in a slot parallel to the optical axis. 
At C, the intersection of the slot with the plane 
drawn through the optical centre at right angles 
to the optic axis, erect a perpendicular CZ), 
of length equal to the focal length /. By making a 
bent lever, pivoted at Z> and having slots of whi^ 



Fig. 8.8. Sslf-focusing Linkage 

(Carp0iitier) 


distances of two conjugate points, or of planes 
perpendicular to the axis passing through them, 
can be translated geometrically so that auto- 
matic linkages between these planes can be 
made, so dispensing with all focusing in en- 
larging or leproduction. The only adjustment 
to be made U that for the scale of reduction, 
obtained by the displ^ment of one of the 
conjugate ^anes, the image remaining sharp 
throughout. Numerous solutions of tlm prob- 
lem have been given ; , we shall indicate only 
some of them, sdected from the most charac- 
teristic. 


the a^es meet at right angles in D (J. Carpentier, 
1896), rotate, it is possible to constrain two studs 
P and P' in the axial slot to move so that their 
distances d and d' from the point C will always 
satisfy the relationship between the ultra-fo<^ 
distances of two points, viz. 

dd'=P 

This is possible since in the right-angled 
triangle PVP, in which a perpendicular is 
dropped from the right-angle P to the hypotm- 
use PP^ FC X CP « (DC)* «/«. 

It will then only be to join P and 


50 


PHOTOGRAPHY: THEORY AND PRACTICE 


P' to 0 and I respectively by two connecting 
rods, of length ^ual to/, to make certain that 
0 and / are conjugate points, and consequently 
also the two planes, perpendicular to the axis 
through them. 

2. Another hnkage (G. Koenigs, 1900) is 
formed of an articulated lozenge P'AF'B (Fig. 
8.8) and two equal rods AC, CB, pivoted at their 
joint. If we represent by m the common length 
of the four sides of the lozenge and by n that of 
the connecting rods, the lengths d = CP' and 


copyholder and plateholder. From these points 
draw towards the lens, distances equal to the 
focal length /. The points A and B thus obtained 
must be at distances from C such that CA . CB 
= p. Using AP as a diameter draw a circle 
with a centre M and through C draw the chord 
DD' perpendicular to AB. Elementary geo- 
metry teaches that CA . CB = CD . CD\ hence 
CD == /. The rays MA, MB, MD are evidently 
equal and, conversely, by this last equation the 
resfiective distances of the conjugate points OC, 


CS\ ’ ■ F 


Fig. H.9. Self-focusing Linkage 
(K nenigB) 



d' = CP” (which, by reason of symmetry, are 
obviously in a straight line)' will always be 


We then only need to give to the constant 
value of this product the square of the focal 
length in order to get the required linkage, but 
in these circumstances the jointed lozenge would 
generally.be of very great dimensions; by mag- 



Fig. 8.10. Principle of Focusing Linkage. 


nifying the movements transmitted from P” to 
P by means of a pantograph CaP''a'Pb'P''bC, 
the size will be considerably reduced. If the 
two coupled lozenges of the pantograph have 
sides of length I and L respectively, it will only 
be necessary to satisfy the relationship 

3. Let (Fig. 8.10) the points 0, 1 on the optic 
axis of the lens C be the intersections of the 
^ A circle with A as centre and radius m will pass 
through the points P* and P". Now the product of 
the di stancee of any point C from the two intersections 
ol the circle by a chord through C, i.e. the product 
CP* X CP", is equal to the difference between the 
Ham of the radius m and the distance n of the point 
from the oentrt of the circle. 


IC can be definitely determined (P. R. Burchall, 

1933) . Among the methods of linking based on 
this principle may be mentioned (A. Bonnetain, 

1934) a system of three racks engaging in M on 
one and the same toothed wheel. 

4. Finally, there are numerous arrangements 
based more or less directly on the hyperbolic 
cam' (G. Pizzighelli, 1889). For instance, a 
table T on which the optical centre C is fixed 



Fig. 8.1 1. Self-focusing Cam 

(Plulgbelll) 


can slide on two rails RR (Fig. 8 . 1 1) perpendicular 
to the object plane P. Movement of the table 
T is communicated by means of racks and 
pinions to a table T, but in a direction at right 
angles. A slot in T' in the form of a rectangular 
hyperbola acts on a stud P' which is constrained 
to move in an axial slot in T. Any plane per- 
pendicular to the optic axis and containing P* 
will be conjugate to P. 

An obstade to the employment of these 
devices in practice is the difficulty of obtaining 

‘ The relation is the equation of a reet- 

angular hyperbola with the asymptotes as axes. The 
vertex » at a distance / from the two asymptotes. 


FOCAL LENGTH OF LENSES 


delivery of a series of lenses of exactly equal 
focal length, so that it is impossible to make this 
equipment in quantity. A number of linkage 
arrangements have been brought out in the last 
few years which have an adjustment for com- 
pensating for slight variations in the focal length. 

70. Combination of Lenses or Optical Systems. 
It sometimes happens that another system, 
convergent or divergent, has to be added to a 
lens, and it is desirable to be able to determine 
the focal length of the combination, the optic 
axes of the different components being assumed 
to coincide (centred system). 

For thin lenses in contact the law that the 
power (§ 63) of the system is the sum of the powers 
of the components may be considered exact, it 
being understood that negative powers (corre- 
sponding with divergent lenses) are to be 
subtracted. 

Calling / and /' the focal lengths of the 
components and F that of the resultant system, 
then 

i/F = I// 4- ijf 

In general, however, this rule is not applicable, 
and accoimt must be taken of the spacing of the 
combination, i.e. the separation between the 
back nodal point of the first system and the 
front nodal point of the second. 

Referring the reader to a treatise on optics for 
the proof, we shall limit ourselves to formulating 
the rule. Calling e the separation as defined 
above, the resultant focal length is given by 

iiF = iif+iir-eifr 

The resultant focus is at a distance D from 
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the back focus of the second system, equal to 

The focal length of the combination can be 
found by considering the separation d between 
the back focus of the first system and the front 
focus of the second. The interval d is connected 
with the interval e by the relation 

<5 = (/-/') 

from which it may be shown that the resultant 
focal length is 

These rudiments will have an application to 
the case of lenses in which focusing is effected 
by varying the separation of their components 
(^iio), to supplementary lenses (convergent or 
divergent, § 117) and to telephoto lenses (§§ 107 
and 108). 

To determine the focal length of a divergent 
lens the procedure is the same as for a conver- 
gent lens but a virtual object must be used, 
which can be the image of an object formed by 
a convergent system of relatively great focal 
length, the divergent lens being placed between 
the convergent system and the real image. 

For an .approximate value of the focal length, 
the lens may be directed towards the sun, and 
the distance from the lens to a screen measured 
when the diameter of the circle of light on it is 
double that of a circular aperture placed against 
the lens; or a thin divergent lens may be t 
neutralized by placing it in contact with a thin 
convergent lens of the same focal length (the 
method used by oculists). 
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DIAPHRAGMS AND RELATIVE APERTURE : 

71. Relative Aperture of a Diaphragm. The 
diameter of the beam of rays incident parallel 
to the axis which, after refraction through the 
lens components in front of the diaphragm, 
completely fills the latter is called the efective 
diameter of the diaphragm. Thus, D, D' and 
D” (Fig. 9.1), although of different diameters, 
all have the same effective diameter d. 

If, without altering the position of the stop, 
the real diameter is altered, its effective aperture 
varies proportionaUy. The constant ratio be- 
tween the effective and the real aperture is 


0 0‘ D" 



Fig. 9.1 Effective Aperture 


sometimes called the coefficient of the effective 
aperture, and is equal to i only if the beam of 
light reaches the stop before meeting the lens 
(Uie case with some single lenses). In the general 
case, in which the stop has in front of it one or 
more lenses forming a convergent system, the 
coefficient is greater than 1. As the value 
depends on the construction of a given lens, 
obviou^ no rule can be given, but it may be 
stated mat with symmetrical anastigmats it 
generally lies between 1*1 and 1*15, whilst with 
anastigmats consisting of three separated lenses 
it often amounts to 1*3. 

If the diameter of the effective aperture is 
x/ath the focal length /, the aperture is said to 
he //», which is al^ called the relative aperture 
of the diaphragm considered. If, for example, 
the real diameter is 0*8 in. and the effective 
aperture is 0*92 in. of a lens of 4*6 in. focal 
fength, the relative aperture is‘//5. This is often 
designated as the f-nuniber. 

The relative aperture of the largest stop a 
lens can use is called the maximum relative 
aperture, or, more simply, the maximum aper- 
ture of the lens. We shall see later (§ 89) that 
the maximum relative aperture of a lens is the 
princ^ factor governing its spe^. It was 
iiieen m $ 56 that the illumination in the focal 
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plane is reduced as the angidar separation from 
the axis is increased, so this statement is true 
for the centre of the field only. 

72. Different Types of Diaphragms. In order 
to be able to get all possible apertures with a 
lens, modern objectives are usually fitted with 
an iris diaphragm (Fig. 9.2) having an aperture 
which can be varied by means of a rotating ring 
or external lever on the mount. In Fig. 9.2 the 
guiding slots of the movable ring are shown 
radial, which is the usual form. By sloping them 
it is possible to make the usual markmgs of 
apertures almost equidistant (Lan Davis, 1911). 
The thin blades of the iris are of ordinary steel 
or ebonite. Though ebonite has the advantage 
of not rusting like steel, in damp climates, care 
must be taken not to subject it to great heat. 
Hence an ebonite iris should not be used in an 
enlarger or projector using a condenser, or there 
will be danger of the blades melting or burning. 

With lenses of which the component glasses 
are too closely spaced to accommodate an iris, 
a rotating diaphragm is employed (Fig. 9.3). 
Here an eccentric disc has a number of different 
apertures, which, by rotation of the disc, are 
brought into position concentric with the axis 
of the lens. The size of the aperture in position 
is indicated by a number engraved on the part 
of the projecting disc opposite the aperture. 

In many old lenses and in modem lenses for 
process work, Waterhouse stops (Fig. 9.4) are 
inserted through a slot in the side of the lens 
tube. The making of negatives through screens, 
as used in preparing half-tone blocks or in 
lithography, requires stops with non-circular 
openings (generally square), and capable of being 
variou^y orientated in the lens tube. 

73. Pupils of an Optical ^tem. The beams 
of light passing through an optical system are 
limited by the aperture of the diapluragm. 
Now the components of the system in front of 
the stop (lens L^, Fig. 9.5) form a virtual image 
(called the entrance P^) of the stop D. 
The entrance pupil is such that the prolongation 
of rays through which afterwards are just 
bounded by the diaphragm D, readi the outline 
of the entrance pupil. The ffiameter of 
entrance pupil is the effective ap^ore of the 
diaphragm just mentioned. 
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In like manner the components behind the 
diaphragm (I| in Fig. 9.5) form a virtual image 
of its aperture, called the exit pupil the 
outline of which is reached by the prolongations 
of those rays which (before passing through 
just reached the outline of the diaphragm D (£. 
Abbe, 1890). The two pupils^ are thus con- 
jugate with respect to the complete lens. 


formation of the image, without upsetting in any 
way the conclusions that have been drawn, as 
to the position and dimensions of this image, 
from the positions of the nodal points and the 
foci. 

74. Photographic Perspective. The photo- 
graphic image is an exact perspective rendering 
of the objects represented, the viewpoint of 



Fig. g.2. Iris Fig. 9.3. Rotating Fig. 9.4. Waterhouse 

Diaphragm Diaphragms Diaphragms 


If we suppose the diaphragm aperture gradu- 
ally reduced to a small opening 0 on the axis, 
admitting but a single ray of hght, this single 
ray would be the one originally directed to the 
point 7 , the centre of the entrance pupil, and 
would appear to emerge, after passing through 
the lens, from the point E, the centre of the 
exit pupil. The ray RK forms what is sometime.s 
called a principal ray. 

In the particular case where the stop is placed 
with its centre at the optical centre of the 
instrument (which frequently happiens with 
S 3 anmetrical lenses), the centres of the pupils 
coincide with the nodal points, but this coinci- 
dence does not occur with single lenses, conver- 
tible sets, nor telephotos, and in other types of 
lenses is not always aimed at. 

Just as by consideration of nodal and focal 
points it is possible to determine the dimensions 
of the image without considering the construc- 
tion of the optical system forming it, so by 
consideration of the pupils it is possible to 
determine the perspective and the centre of 
projection of images without having to be con- 
eemed with the optical system. The pupils in 
fact determine which of the rays are used in the 

^ The pupili muit not be confused with the windows 
(German, Luke), pcmsideration of which is less frequent 
in treatiag of ^otegraphic lenses. The windows are 
the itasges formed by ih^ two ^systems Li and Z.| of 
the aperture limiting the fteld 61 view (the mount of 
the Im or the apwture of aotne attauunent to the 
lens), and thus costeepond with tiie field stops in 
nfassrvatioiial instruments. 


which, relatively to the objects, is the centre of 
the entrance pupil ; relatively to the image, the 
viewpoint is usually identical with the nodal 
point of emergence. 

Consider (Fig. 9.6) the two conjugate planes 
QQ' of an optical system represented by its 
nodal points, foci, and pupils, and let us find 
how the points R and S outside the plane Q will 



be reproduced on the plane Q\ R' and S' being 
the respective images of R and S (the graphical 
construction is indented by dotted Imes) and 
being themselves outside Q\ 

The bundle of rays 4ised in the formatiem of 
the image of the point R is limited by the cone 
with apex R find base JP| (tbfih entrance pupO}- 
After passing throimh the kni it forms anomer 
cone^ having the extt pupSl mi base and P' as 
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apex. These two cones form circular patches 
(dr^ of confusion) on the focused plane Q 
and on its conjugate Q\ where the focusing 
screen or photographic plate is placed. The 
circles of confusion are conjugate, with their 
centres r and r' at the intersections of the 
principal ray with the respective planes, and 
the ratio of their sizes is equal to the ratio of the 
distances of Q and Q' (say m). If the patch at r' 
is sufficiently sm^ and the photograph is 
viewed at a sufficiently large distance, the patch 
is indistinguishable from the geometrical point 


75. The fact that the construction of the 
lens (except in the case of very pronounc^ 
distortion) and its focal length have no influence 
on the perspective of the image can be proved 
by photographing an architectural subject from 
the same viewpoint successively with a pinhole 
(§40) and with lenses of very different focal 
lengths. The different images thus obtained will 
be identical except for size. 

It is thus incorrect to attribute to the use of a 
short-focus lens the unpleasant, almost distorted, 
vieu^s which are easily obtained with these lenses. 



image of r (the secondary axis corresponding to 
f has been drawn in Fig. 9.6). 

The photographic image thus coincides with 
a photograjffi, made on a scale of reproduction 
#«, of the perspective of the objects projected 
on the plane Q from a point coinciding with the 
centre m the entrance pupil. It is thus itself a 
perspective view if the lens is free from distor- 
tion and the diameter of the entrance pupil is 
a small fraction of the distance of the objects 
represmited^ so that stereoscopic effects are 
avoided (§6il. 

Now it is known that different perspectives 
obtained by proportional enlargement or reduc- 
tion have their principal distances proportional 
to their respective scales (§ 27). Ilie principal 
distance of the perspective at Q' (the photo- 
graphic image) is thus the product of the distance 
fA Q from the entrance pupil, multiplied by m. 

^Vhen the object distance is large compared 
with the distance between the entrance pupil 
and the ffmit nodal point, the principal distance 
of the {ffiotograph can be taken as the image 
distance, and the viewpoint as the back no&l 
point (L. P. Clerc, 1923). 


These perspectives, exact but unpleasant, are 
due solely to the choice of too close a viewpoint. 
When a photographer possesses only one lens, 
and that of short focus, he unfortunately tries 
to get as large a picture as possible, and so 
approaches closer than he would if he used a 
long-focus lens. Unless he is specially trained, 
he does not notice, when examining the view, 
the exaggerated perspective arising from too 
close a viewpoint, the brain making the objects 
appear at their correct relative size, whilst 
binocular vision places them in their correct 
relative positions. On the plane image these 
compensations do not exist, and the so-called 
distortion becomes actually offensive, especially 
if the image is viewed from a position other than 
the coirect viewpoint (§§28 and 31). These 
anomalies disappear in stereoscopic vision if the 
images are viewed at the principal distance 
although the angle of view may then be too large 
for the eye to view the whole picture without 
rotating. 

When it is stated that a lens of short 
focus gives "faulty perspective," which ^ouhl 
be translated as "geometrically correct but 
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unpleasant perspective/' it is understood, then, 
that the photographer has clumsily tried to 
compensate for the smallness of the scale of his 
image by approaching too close to his subject. 

The position of the camera should be chosen 
without any consideration of scale. If, when 
the viewpoint is chosen, it is found that the 
lens is not of suf&cient focal length to give 
directly as large an image as desired, the small 
image should be subsequently enlarged. 

76. Depth of Field. Assuming that the image 
of a point outside the plane focused on is a 
circular patch on the image plane, the limits 
within which the objects should lie in order that 
these patches (circles of confusion) should be 
practically indistinguishable from points, can 
be determined. One cannot stress too much 
the arbitrary nature of these calculations, which 
are based on geometrical optics, and which take 
no account of the distribution of light within 
the patch. Moreover, it is assumed that the 
lens is perfect, giving aplanatic, anastigmatic, 
and plane images, conditions which are unfor- 
tunately unattainable. The results of these 
calculations must be regarded only as indicating 
in what direction the depth of field changes 
when the focal length, relative aperture, and 
object distance are changed. Practical results 
may differ considerably with objectives of differ- 
ent types, even though the focal length and 
relative aperture are the same. 

It is necessary, first of all, to decide upon 
the tolerance on sharpness which can be per- 
mitted, and this tolerance may either be fixed 
as an absolute value or a relative value. In the 
first case it is usual to fix a maximum value to 
the diameter of the circle of confusion, of, for 
example, 1/250 in., a size which, when viewed 
at a distance of 12 in. is indistinguishable from 
a point. 

This convention is purely arbitrary, and is too 
severe for pictures which are to be viewed 
at a greater distance, as when placed on a wall, 
and is not sufficiently severe for a small image 
which has to be subsequently enlarged by 
projection or examination under a magnifier 
(the case of stereoscopic pictures). In the 
second case the maximum diameter of the circle 
of confusion is defined as a fraction (say, 1/2,000) 
of the normal distance of viewing, and therefore 
of the image distance. This convention is 
incomparably more logical for pictorial photo- 
graphy than the absolute method. 

77. Relative D^th of Field. Let q and q' 
(Fig.9.6) be the ultra-nodal distances of the ob je^ 


plane Q pd its conjugate Q‘ on which the photo- 
graphic image is recorded, respectively ; fjn the 
relative aperture of the lens, r and s the ultra- 
nodal distances of point-objects respectively in 
front of and behind the plane Q, r' and s' the 
ultra-nodal distances of their focused images. 

The dimensions of the circles of confusion 
in the plane of the image (r) and (s) are ex- 
pressed by 

W _ _(f[ q’-s' 

fin- r'-’ fjn- s' 

In order that the blurs (r) and (s) should have 
the maximum permissible diameter aq' (the 
coefficient a being, for example, 1/2,000), the 
distances r' and s' must be such that 

naq r -q’ q - s' 

• 

which may be written 

i/j' - i/r' = i/s' - i/q' = naif 
and as (§ 63) 

I/?' = 1 //- 1/?. !/»■' = I//- lA 

I/s' = I//- I/s 
it follows that 

i/r-i/j= i/f-i/s = «a// 

The difference between the extreme conver- 
gences (§ 63) of R and 5 and the convergence of 
the plane Q focused on is then represented by 
n/2,oooths of the power of the lens, all measure- 
ments being expressed in diopters ; and the total 
depth of field (distances between R and 5 
measured parallel to the optic axis) corresponds 
with a difference in convergence equal to 
«/i,oooths of the power. 

For a lens of 4*4 in. focal length, i.e. o-ii m, 
or a power of i/o*ii = 9*09 diopters, with an 
aperture of //6, the total tolerance of conver- 
gence will be (9*09 X 6)/i,ooo, or 0*05454 diop- 
ters, which has to be divided between the near 
and far points. If the object focused on was at 
197 in. (5 m) with a convergence of 1/5 = 0*2 
diopters, the convergences of the two limits of 
depth of field will be o*20 ± 0*02727, correspond- 
ing with object distances of z/O'22727 and 
1/0*17273, or 4*40 and 5*80 m (173 and 229 in.) 
respcctivdy. 

It should be noted that the sharp field extends 
less in front of the plane focused on than 
behind it (24 and 36 in. in the example above). 
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A table of reciprocals of numbers from i to 
1,000 will be useful for making calculations 
rapidly and of sufficient accuracy in problems 
relating to depth of held. 

It may be said that the depth of held is that 
part of the object space in which the entrance 
pupil appears to have an approximately 
constant angular size, the variations being less 
than the permitted angle of confusion (A. 
Jonon, IQ 25 ). 

Calculations of a similar degree of simplicity 
enable us to work out the aperture at which the 
lens must be used in order to give a sharp image 
of objects at different distances from the lens, 
and on what plane the lens ought to be focused. 
The convergences of the extreme points at 
distances of 8o and 320 in. (2 and 8 m) respec- 
tively, are t = 0*5 and J = 0-125 diopters. The 
difference is thus 0-375 diopters. In order that 
the tolerance in convergence may be equal to 
this, which represents 375/9*09 thousandths of 
the power of the lens (say 41/1,000) the lens 
must be stopped down to //41. In practice, 
the nearest marked aperture of the iris, 7/45, is 
used, and this will give ample guarantee of the 
sharpness and depth required. 

The distance to focus on will be given by 
the mean of the extreme convergences (0-500 
-|- 0-i25)/2 = 0-312 corresponding with a ffis- 
tance of 1/0*312 m = 3*2 m (126 in.). That is, 
q = 2rs/(r -f- s). This distance is independent 
of the sharpness tolerance, either relative or 
absolute, whether based on geometrical or 
ph3^cal considerations. 

Absolute Depth of Field. To conform to 
tradition we shall deduce the formulae for depth 
of fieldiin terms of an absolute diameter of the 
circle of confusion e (e.g. e =s 1/250 in.), and 
not, as above, a constant fraction of the ultra- 
nodal distance of the plane of the photographic 
plate. 

Assipinjgf a limit e to the diameter of the circle 
of confusion, and calling (R) and ( 5 ) the image 
patches projected on the plane Q by beams 
havinig their apices at R and 5 , and bounded by 
the diaphragm, we find, in the same notation as 
above, that 

//»» r ' //« * 

If the image of the plane Q is reduced on 
a scale i/ia, which implies that ^ » (m + i)f, 
Idle diametens (f) and (s) of the images are equm 
to and ( 5 )/m respectively. If these are 
^to be equal to the nuu^um cbameter «« then 


(R) and ( 5 ) are equal to ms, and r and s (the 
distances of the near and far planes which will 
be rendered sharply) will be calculated from 
em __ q-r __ s-q 
Jin- f ^ s 

^/r = I -f nmtif, q/s = i-nme/f 


whence, after simplification 

(m -h i)/» ^ (m + 1)/^ 

^ / + nme ^ / - nme 

Using the same numerical values as in the 
previous example, all distances being reduced 
to metres and taking 1/250 in. (0*01 cm) as 
the maximum diameter of the circle of con- 
fusion, we shall find, for the case of an object 
at i{)7 in. (5 m), s = 660 cm (260 in.), giving 
a more extensive field of sharp definition than 
previously calculated, because the tolerance 
of definition is much greater in this case. 

79. If the camera carries a scale by which 
the change in camera extension can be measured, 
the above calculations can be avoided. 

Having focused successively the near and 
far planes and noticed each time the position of 
the movable part on the scale, the camera is 
set to the mid-way position and will then be 
correct. To obtain a degree of sharpness equal to 
1/250 in., the //No. is taken as one-eighth the 
number of thousandths of an inch the camera 
extension has been altered (G. Cromer, xqiz). 

If, for example, the movement is 0-16 in., 
the aperture will be //20. 

For a sharpness of x/125 in. or x/500 in., 
half or double the above number must be taken, 
i.e. f/io or //40 respectively in the above case. 

80. Factors Affecting Depth of Field. The 
depth of field (distance between near and far 
plwes in focus) can be expressed by one or 
other of the following formulae, according as 
the permissible circle of confusion is a constant 
fraction a of the distance of the image, or a 
fixed amount e. The formulae give the diSerence 
(s - f ) of the distances previo^y calculated — 


. 2 «agy Meq(q-f)P 

f*-n*aY W f*-nV(q-f)* 
in each of which the second term of the denom- 


inator is generally negligible unless q is very 
great, so that we can replace these by tlie 
simpler formulae below, which lead to a sligbtiy 
smidler value— 
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In this form it is seen at once that, all condi- 
tions remaining the same, with the exception of 
the one factor considered — 

1. Depth of field is less with a lens of greater 
focal length ; it is inversely proportional to / if 
the tolerance is defined as an angular constant, 
and inversely to the /* when the tolerance is 
Axed by an absolute value. 

2. Depth of field is proportional to n and is 
thus greater the smaller the stop. 

3. Depth of field is greater for greater object 
distances, being proportional to the q^. 

4. Depth of field, based on the value of a 
or e, is greater the less exacting the require- 
ments of definition are. 

It should be noted that the laws of physical 
optics lead to the result that the relative depth 
of field is independent of the focal length /, and is 
inversely proportional to the square of the 
diameter of the effective aperture (T. Smith, 
1928). 

81. It is interesting to know, at least from a 
practical point of view, if, having to photograph 
an object of a certain depth, from a given point 
of view, a lens of focus to give a required scale 
of image can be used, or whether it is preferable 
to use a lens of very short focus, giving a small 
image which is afterwards enlarged. 

Taking the same numerical data as in § 77, 
but supposing this time that the focal length is 
13*2 in. (o*33m), or a power of 3*03 diopters,, 
we will find the depth of field for the same Circle 
of confusion after equalization of the sizes of 
the two images. The distance of the plane 
focused on being the same in the two cases, the 
sizes of the two images are proportional to the 
respective ultra-nodal distances, and it will be 
sufficient to give a the same value, 1/2,000. 
The total tolerance of convergence is thus found 
to be (3*03 X 6)/i,ooo = 0*0182 diopters, and 
consequently the convergences of the limits of 
the field are (0*2 db 0-0091) diopters, correspond- 
ing with ultra-nodal distances of 1/0-2091 
=8 478 m (188 in.) and i/o*i^ =» 5*24 m 
(206 in.) with a total depth of field of 18 in. 
onl^i msbq 9 d of 48 in. in the oase of the lens of 
4*4 in. focal length. 

It remains to examine whether, to obtain a 
reproduction at the same size by direct photo- 
graphy, supposing that apthetk considerations 
allow axi alteration of viewpoint, there is any 
advantage as regards d^pth.pf fields in using a' 
lens of Sorter focus, or if, on the contrary, it 
is preferable to get farther back from the view 
and use a long-focus tons. 


From the formulae of § 77, remembering that 
^ = (m + i)/, it is possible to deduce the 
expression for the total depth of field (s — r) 

2 af(m + i)^n 
i-(m + i)*2V 

The scale of reduction m being constant, the 
camera extensions are proportional to the focal 
lengths, and in order to have the same limits for 
the diameter of the circle of confusion in the 
photographs taken with lenses of different focal 
lengths, the product af must be constant = k 
(say), whence a = kjf, and the above expression 
reduces to 

_ 2 k(fn + i)*w 

1 - (w + 

The //No. n being supposed constant, it is 
seen that, if / increases the denominator 
increases and (s — r) decreases. 

82. Hyperfocal Distances. Particularly inter- 
esting problems in the application of the depth 
of field formulae are the determination of the 
distance at which the lens must be focused in 
order that the far plane in focus may be at in- 
finity, and the finding of the distance of the near 
plane in these circumstances. 

The distance of the plane focused on which 
satisfies this condition for a lens of given focal 
length and aperture, is usually called the hyper- 
focal distance for that aperture. Let it be said at 
once that the hyperfocal distance will have 
different values according to the degree of 
unsharpness which can be tolerated. 

If we agme to adopt as the tolerance a con- 
stant fraction a of the ultra-nodal distance of 
the image (still supposing that the pupils coin- 
cide with the nodal points), the hyj^rfocal dis- 
tance H of a lens of focal length / and aperture 
number n, is easily calculated if we consider 
that the convergence of the far pUme is zero, 
this being at in&ity. Calling I the distance to 
the *naar plane, the preceding formulae for the 
depth of field become 

whence H « fjna and I » fjzna » HI2 

Thus the distance H on which a lens of focal 
length 4 in. should be focused, at an aperture of 
7/5-6, in order to give a shaip image of an 
ixffinite object, assuming a ^ 1/1,000, k 

ff ss 4 - ^ . a- yi4 in. » 60 ft approx* 
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The camera, when focused for this distance, 
would give equally sharp images from 30 ft to 
infinity. 

It may be remarked that when the limit of 
sharpness is defined by an angular value the 
hyperfocal distance is proportional to the focal 
length and inversely proportional to the //No. 
It is also greater the more severe the standard 
of good definition is. 

This is easily explained by noticing that the 
hyperfocal distance thus defined is the distance 
from which the effective aperture subtends the angle 
of tolerance. If. for example, the angle is 
1/2,000 (circle of confusion = 1/2,000 of the 



Fig. 9.7. Geombtry of Hyperfocal Distance 


principal distance), the hyperfocal distance is 
2.000 times the useful aperture of the stop. 
Similarly, if the angle were 1/1,500 or 1/1,000, 
the h5rperfocal distance would be 1,500 or 1,000 
times the useful aperture. 

83. If we agree to adopt, as limit of definition, 
a diameter e for the circle of confusion, we calcu- 
late H by the condition that s is infinitely great, 
.which requires the denominator of the fraction 
for s (§ 78) to be zero, so 

/ = nme, whence w = •— 
ne 

As the plane focused on, reduced in the ratio 
i/m, is at an ultra-nodal distance (w + i)/, we 
get H «= fifjne -f i), and for the correspond- 
ing length /, by replacing m by the value above 
in the expression for f , 

l = Hl2 

If instead of measuring H from the front 
. nodal point, we measure it from the front focal 
point, we get 

H' = P/ne 

It may be remarked that, when the limit of 
sharpness is thus defined as an absolute value, 
the nyperfocal distance is, for equal relative 
apertures, proportional to the square of the 
local len^, i.e. for lenses of focal length half, 


double or triple that of the lens in the example, 
the hyperfocal distances would be respectively 
one-quarter, lour times, and nine times, the 
value calculated above. 

If the diameter of the aperture is reduced to 
half or one-quarter its value, the hyperfocal 
distance will be reduced to half or quarter the 
value calculated above. 

If, instead of fixing the limit at 1/250 in., 
it was taken as 1/125 or 1/500 in., the hyper- 
focal distance would be half or twice respectively 
the former value. 

In every case the distance of the near plane 
is half the h5q)erfocal distance. 

84. The formula for hyperfocal distance can 
be obtained directly without using the formulae 
for depth of field. 

Let P be the entrance pupil of the lens (Fig. 
9.7). Every parallel pencil of light (i.e. coming 
from an infinitely distant point) will cut planes 
perpendicular to the axis (and Q in particular) 
in a circle of the same diameter as that of the 
pupil. The beam, limited by the pupil and having 
as apex any point R half way between Q and 
the pupil, cuts ^ in a circle of the same size 
(which will coincide with the former if R is 
on the principal ray of the beam). If we focus 
the lens on Q, the condition that all point- 
objects from R to infinity shall be sharp is that 
the images of the circles on Q, reduced i/mth, 
must not exceed the limit e assigned to the 
diameter of the circle of confusion. Now, the 
diameter of the pupil is //n; the condition is 
therefore //n X w = e, and gives m=flnx e, 
whence, the distance H of the plane reduced 
i/wth being (w -1- i)/, 

H = {fine + i)f 

85. Influence of the Corrections of the Lens on 
the Depth of Field and Hyperfocal Distance. 
It cannot be too strongly emphasized that the 
depth of field and hypedocal distance calculated 
from the formulae given in the foregoing para- 
graphs, or taken from charts and diagrams based 
on them, have only relative accuracy. It may be 
noted in passing that few of these tables indicate 
the degree of sharpness on which they are based. 

Firstiy, it was assumed in deducing the formu- 
lae that the nodal points coincided with the 
centres of the corresponding pupils, which is 
not always true, particularly for telephoto lenses. 

Secondly, it was assumed that the lens was 
ideal, having a flat field free from all aberrations. 

Thirdly, it was assumed that the circles of 
confusion were uniformly illuminated. Actually 
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a patch of light of large area can give a reason- 
ably shs^ image if there is a concentration of 
light at its centre. 

These formulae lead to the conclusion that 
depth of field is the same for different lenses of 
the same focal length and aperture, a con- 
clusion which is not always borne out in prac- 
tice. In fact a perfectly corrected lens has less 
depth of field than one having residual aber- 
rations (D. Brewster, 1867). 

Compare, for example, two lenses of the same 
focal length and aperture, one. A, free from 
spherical aberration, the other, B, having 
positive spherical aberration at apertures 
greater than f/16. The aberration of B being 
positive, the caustics of each beam will be formed 
between the sharpest image and the lens, 
approaching the latter as the aperture increases, 
and thus affecting only the lower limit to the 
depth of field. At f/16 the lenses give equal 
depth ; at an aperture slightly larger the caustics 
due to spherical aberration make their appear- 
ance with B. A beam limited by a caustic 
would be restricted more rapidly than one 
limited by a cone, so that the depth of field 
would diminish less quickly with the uncorrected 
lens. If objects situated in front of or behind 
the focused plane are considered, this difference 
between the two lenses increases as the aperture 
is increased. At a certain aperture the caustic, 
meeting the sensitive surface, gives practically 
a constant circle of confusion, and thus sets an 
almost invariable lower limit to the depth of 
field, whilst with the perfect lens every increase 
of aperture increases the diameter of the circles 
of confusion, and thus limits the depth of field. 
A negative aberration would affect the back 
limit in the same way (C. Welborne Piper, 1903). 

It has been suggested that to increase the 
depth of field, one of the lens elements should 
have an aspheiical surface to provide over- 
correction of spherical aberration in the central 
zone and under-correction in the marginal zone 
(A. Warmisham, 1932). 

86. Fixed-focus Cameras. In many very cheap 
cameras for beginners, no adjustment for focus 
is provided. The lenses used on these cameras 
being nearly always simple or achromatic, very 
poorly corrected, with maximum aperture 
rarely exceeding //16, the hyperfocal distance 
is very short, consequently the minimum 
distance of i^iarp objects {half the hyperfocal 
distance) is small enough to allow almost all 
subjects (except portraiture, properly so-called) 
to be attempted. 


In addition to this category of cheap cameras 
with fixed focus there is a second category of 
very short-focus lenses of high aperture which 
are also used at a fixed focus. Examples of this 
may be found in sub-standard cinematography. 

Reducing the aperture in fixed-focus cameras 
does not make use of all the increased depth of 
field, since the lens ought then to be refocused 
for the new hyperfocal distance. 

This interesting propeity of lenses of short 
focus and small aperture has frequently given 
rise to the unfortunate expression fixed-focus 
lens, which has led to much misunderstanding. 
It must therefore be insisted that this action is 
not the result of any special form of lens, but 
of the general application of the laws governing 
depth of field. 

By. Focusing Scales. Portable cameras for 
use in the hand generally are not suitable for 
focusing the image on a focusing screen, and 
are therefore provided with a scale graduated 
in object distances so that the focus can be set 
for any distance within the limits of the scale. 

The mark on this scale corresponding with 
objects at a great distance (generally indicated 
by 00, or the letters "INF" usually indicates 
the focal plane for objects on the horizon, and, 
sometimes, the focus for objects at the hyper- 
focal distance of the lens at the maximum 
aperture (usually adopting 1/250 in. as the circle 
of confusion). Some makers indicate the focus 
both for infinity and the hyperfocal distance, 
the latter being indicated by a mark of different , 
colour or the letter H. It must be remembered 
that when the focus is set for infinity the nearest 
plane that is sharp is at the h5q)erfocal distance, 
while when focus is set for the h3q)erfocal 
distance the nearest plane that is sharp is at 
half this distance. 

The distances on the scale are often chosen 
quite arbitrarily. It would be better to divide 
the h3q)erfocal distance (allowing 1/2,000 the 
camera extension as the circle of confusion) by 
the consecutive numbers 0, i, 2, 3. ... , i.e. 
infinity, the hyperfocal distance, half, one-third, 
one-quarter, . . . the hyperfocal distance. Such 
a scale possesses an mterestimg property when 
used with the appropriate diaphragm and when 
the tolerance of sha^ness us^ in its construc- 
tion is accepted. When the focus is adjusted 
for one of the distances on the scale, the depth 
of field extends to the contiguous distances. 

If, for example, the lens is of 5 in. focal len^h 
and //8 aperture (hyperfocal distance 788 in. 
for. a circle of confusion of 1/250 in.), and the 
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scale IS marked oo, 66', 33', 22', 17', 13', ii', 

9' 5 ", 8' 3'. 7' 4'. 6' 7\ 6', 5' 6^ 5' i*. 4' 8^ 

4' 4',. 4', etc., when set for 13' all objects between 
li' and 17' will be sharp. 

It is the practice with some manufacturers 
to attach a depth of field scale to the focusing 
mount of the lens, so that the limits of the sharp 
field are indicated for any focusing position. 

88. Depth of Focus. If the plane on which 
the image is formed is slightly separated from 
the position of the sharp image of a point, the 



Fig. 9.8. Depth Latitude in the Focal Plane 


image will be a disc which can be considered as 
a geometrical point if its diameter does not 
exceed a certain fraction a of the ultra-nodal 
distance of the shaip image, or does not exceed 
a constant limit e (§ 76). 

Knowing (Fig. 9.8) the diameter of the aper- 
ture fjn and the ultra-nodal distance q' of the 
focused im^e (supposing again that the pupils 
coincide with the nodal planes) it is easy to 
calculate the distance v, the error in the position 
of the plate which can be tolerated. Calling 
the diameter of the disc of confusion at (Q'), 
consideration of the similar triangles having 
their apices at Q' gives 


fin q' 


Now, according to the convention adopted in 
fixing the tolerance in sharpness, we have 

(Q')=^aq' or (Q') = c 


which gives^ 

V 


fin 


or V 


fSL 

fin 


The tolerance is the same in front and behind 
the focus. 

^ Considerations of physical optics ascribe to depth 
of locns a value proportional to the wavelen^h of the 

radiation and expressed as kX 


The sum of these equal tolerances is the 
depth of focus, a term which is often erroneously 
used when depth of field is meant. 

This tolerance is greater the smaller the useful 
aperture of the stop (other things being equal). 
When, for an equal stop, the image is formed at 
a greater distance (e.g. in photographing a 
nearer object or using a longer focus lens) the 
tolerance in focusing is greater. 

It is necessary to add that this latitude can 
only be made use of in photographing plane 
objects perpendicular to the axis, or in the 
photography of objects of negligible depth. // 
is impossible to make use of depth of focus and 
depth of field at the same time. 

If images at R' and 5 ' of points in front of 
and behind Q are also to be photographed at 
the same time as Q' it is seen that they will form 
image patches in one of the limiting planes, of 
diameter greater than the tolerance. 

In particular it should be remembered that 
depth of focus has already been taken into 
account when a lens having curvature of field 
is used. 

89. Effect of Relative Aperture on the Bright- 
ness of the Image. In the photography of a Imd- 
scape in which all the objects are at a very 
great distance from the lens, the brightness of 
the image at the centre of the field (on the optic 
axis) is, apart from loss by absorption and reflec- 
tion (§ 58), inversely proportional to the square 
of the relative aperture fjn (§ 71). It is easily 
seen that for equal losses in passing through 
the lens, two lenses, of the same focal length but 
of different effective apertures, ^ve images the 
brightnesses of which are proportional to the area 
of the effective aperture, which, in fact, limits 
the beam of light from a distant object, just 
as a tap restricts the amount of liquid passing 
through. If the diameter of the effective 
aperture is doubled its area wiU be four times 
as great. The images being of the same size, 
since the focal lengUi is assumed to be the same 
in each case, the brightness will vary in the 
same ratio. 

Let us now consider two lenses of the same 
effective aperture but of different focal lengths. 
If the focal length of one is double that of idie 
other, all dimensions in the plane of the image 
of distant objects will be doubled, and conse- 
quently the areas will be four times as great. 
Both will receive the same quantity of %ht, 
but that formed by the longer-focus lens wm be 
one-quarter as bright, so that the brii^tnM 
of the image is &ectly prqxntional to the 
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square of the diameter of the lens and in- 
versely proportional to the square of the focal 
length. 

If B is the brightness of an element of the 
object situated on the axis and perpendicular 
to it, the intensity of illumination of its image 
is E = f7rB/4w* where / is the transmittance. 

In complex systems the losses by reflection 
and transmission minimize the apparent advan- 
tage of high aperture. The table below shows 
the results of measurements made by C. Forch 
and F. Lehmann (igzS) on a number of lenses 
of different nominal relative aperture, indicating 
a wide variation in the transmittance. 

Attempts have been made to overcome varia- 
tions in transmittance between lenses of the 
same //numbers by adopting a method of cali- 
bration known as the T-stop system (1949). The 
T-number of a lens is the //number divided by 
the square root of the transmittance, i.e. 

T-No. = «/vT 

The image illumination formula given above thus 
becomes 

E = ^/4(r-No.)a 

Lenses calibrated in T-stops have found favour 
in the motion picture industry, where it is most 
desirable that interchangeable lenses can be 
used without upsetting exposure. On the other 
hand, since the T-stop is not directly correlated 
with the geometry of the lens system, the 7 -stops 
cannot be used for the determination of the 
depth of field (§76), and for this reason it is 
unlikely that the T-stop system will find 
universal adoption. 


Relative 

aperture 

indloeted 

Relative 

aperture 

meaiured 

Equivalent aperture 

Transmission % 

Ordinary 

l^ate 

Ortho<plate 
with yellow 
Alter 

Ordinary 

plate 

Ortho-plate 
with yellow 
Alter 

L 

L 

fj2-l 

//2.48 

/Ms 

//4*73 

//3-I 

// 3»6 

//a-B. 

m-t 

//S '94 

//*-7 

fJZit 

fl5-47 

46'6 

387 

40 

63-5 

60 

65*2 

eo-5 

75 


It should be noted that a proportion of the 
light lost by reflection finds its way to the image 
p^e as a veil qf haze. L. V. Chilton (1937): 
found the ratio of this^ parasitic illumination to 
the useful illumination for a number of lenses, 
and, fdluid the foUowmg results for different 
numbers of air/^ass surfaces. 


No. of air/glass 
surfaces 

2 

4 

6 

8 

10 

12 

Percentage of 
parasitic 
illumination 

0-245 

1-42 

3*40 

6-o8 

9*44 

13*95 


We shall conclude, then, by saying that the 
speed of a lens is chiefly determined by its 
relative aperture, and that of two lenses of 
apertures fjy and //q, for example, the first 
gives an image which at its centre (neglecting 
loss of light) is brighter than the second in 
the ratio of (//7)V(//9)* = 9V7* = 8i/49 = 

In particular, if the stops of a lens have their 
diameters in geometrical progression with a 
ratio of 1*414, i.e. are proportional to the 
numbers 

I 1*414 2 2*8i8 4 5*636 8 11*27 . . . 

the areas of the corresponding circles will be 
doubled at each step, and the illumination at 
the centre of the image will be doubled when 
any stop is replaced by the next larger. 

90. Effect of the Scale of an Image on its 
Brightness. If an object, illuminated equally 
in all cases, is photographed several times with 
the same lens at the same aperture but on differ- 
ent scales, by moving the lens closer and closer 
to the object, it will be found that the ima^e 
falls off in intensity as the size increases. 

The image illumination formula then becomes 

tnB 

4«*(i -h my 

This amounts to saying that when the image 
is formed, not in the focal plane, but at a 
distance (m -h i)/ from the near nodal point, 
the relative aperture of the stop fjn is 
reduced to fln(m -j- 1). This assumes that the 
entrance pupil contains the front modal point; 
in all other cases, the scale m should be replaced 
by mj[i 4- fi) where is a small quantitjr, posi- 
tive for a tdephoto objective, and negative for 
a simple lens with the diaphragm in front. In 
practice the value of ^ is nearly always 
sufficiently small for l^e above rule to be vaBd. 

As a particular case, if an object is phdto-, 
graphed under the same illumination from a 
great distance, so that its image can be con- 
sidered as lying in the focal plane, and again at 
a short distance, so that its image is the sami 
size as ItseH, the intensity of illumination Of the 
second image will be oae*^iiarter of its value 
in the first. 
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9X. Marking of Aperture Scales. Although 
there is almost universal agreement on the 
marking of aperture scales, a number of different 
systems have been suggested and used from time 
to time. A comparison table of a number of 

Comparison of Aperture Scales 


/-number 

Relative Light 
Passing Power 

Decrease in 
Light Passing 
Power (Nearest 
1/3 Stops) 

I 

10,000 

0 

i-i 

7.937 

I 

I‘2 

6,300 

2 

(1-3) 



1-4 

5,000 

3 

{1*5) 



1-6 

3.969 

4 

1-8 

3.150 

5 

2 

2,500 

6 

(l-9) 



2*2 

1.984 

7 

2-5 

1.575 

8 

2-8 

1,250 

9 

(2-9} 



3*2 

992 

10 

3*5 

788 

11 

4 

625 

12 

l 3 -S) 



4*5 

496 

13 

5 

417 

14 

5*6 

312 

15 

63 

248 

16 

7 

209 

17 

8 

156 

18 

(7*7) 



9 

124 

19 

10 

104 

20 

II 

79 

21 

12*5 

62 

22 


52 

23 

16 

40 

24 

18 

31 

25 

20 

26 

26 

22 

20 

27 

25 

16 

28 

28 

13 

29 

32 

99 

30 

36 

7-8 

31 

40 

6-5 

32 

45 

5*0 

33 


3*9 

34 

(50) 




systems is given below. The most common 
system follows the series— // 07 , //i, //i* 4 , // 2 , 
//2*8, //4, //5*6, // 8 , //II. // 16 . //22. //32. 

// 45 .// 64 . 

The true apertures should follow the series — 
//i/v'2, //i, //\/2, f|2^/2, etc., whereas the 
numerals quoted above represent, in some cases, 
approximate values (for example, //ii should 
re^y be fliV2y). The maximum aperture may 
not necessarily fall into this series ; for example, 
popular maximum apertures are //3*5, which 
fails between //2-8 and //4, and //4*5, which falls 
between //4 and //5*6. The Briti^ Standards 
Institution recommend that the marking of the 
maximum aperture should be within ± 5 per 
cent of the true relative aperture. 


Focal p/o, 

< 



Fig. 9.9. Measurement of Effective 
Aperture 

92. The Measurexnent of the Effective ^>erture. 
The effective aperture of a lens can be measured 
by placing a small source of light (such as an 
illuminated pinhole) in the centre of the focal 
plane. If a rule is then placed perpendicular to 
the axis of the lens, the free diameter can be 
measured (Fig. 9.9). A permanent record can be 
made by placing a photographic plate in front 
of the lens, when after development a black 
disc corresponding to the free aperture will be 
obtained. It should be noted that it is necessary 
to measure the focal length fairly accurately in 
order that the relative aperture may be 
calculated. 


CHAPTER X 

CHOICE OF A LENS: TESTING: CARE OF LENSES 

93. Preliminary Remarks. The qualities required to possess, at least as auxiliary instruments, 

of an objective depend on whether the lens is lenses of the greatest speed compatible with the 
intended for artistic photography, commercial great focal lengths which are necessary, if the 
photography, process work, enlargement or photographer is not to approach too close to his 
photogrammetry (measuring by photography), sitter and so distort the image by exaggerated 
The optical designer has at his control the persp)ective. Some of these lenses giving nor- 
curvatures, refractive indices and dispersions; mally a sharp image for a scale of reduction 
thickness and separation, and can vary these from 1/2 to i/io, include an element the separa- 
to correct for certain aberrations. It is tion of which from the other components can be 
not possible to reduce all aberrations to modified by the rotation of a ring, thus intro- 
small proportions simultaneously, and every ducing into the image certain aberrations to 
lens therefore represents a compromise. For soften the contours (J. Traill Taylor, 1892). 
specialized purposes the designer attempts to The Commercial photographer and the press 
minimize those aberrations which would be photographer, who are often unable to choose 
most harmful, and such a lens might not perform the most favourable viewpoint (i.e. to get 
satisfactorily when used for another purpose. sufficiently far away from the subject) are 

94. In pictorial photography, a simplified image generally obliged, at least for a great amount of 
is required, to give " firm *’ drawing without their work, to use lenses having a very large 
hardness, of breadth proportional to the scale field (called wide-angle lenses), and giving thus 
of the image, and to suppress all unnecessary very sharp images without the necessity of 
detail, translating only the general form, stopping down greatly. Press work, and 
" When an artist paints from Nature he removes especially sports photography, requires the use 
his eyeglasses if he is short-sighted ; if he has of a very large-aperture lens, 
good sight he half-closes his eyes, otherwise he The process worker requires to obtain a pl^e 
would not see the tree for the leaves nor the image of a plane object, free from distortion 
forest for the trees " (C. Puyo). This simplifica- within the limits of scale usually employed 
tion is best achieved by the use of lenses in- (same size or a little smaller). There is no need, 

completely corrected for spherical aberration, in this case, for a large aperture, but the chrom- 

or, better still, uncorrected for achromatism atic corrections need to be very good if three- 

(anachromatic lens). The fact that a very wide colour work is to be done; the different com- 

angle of view is never used in pictorial work ponent pictures obtained through selective 
prevents the oblique aberrations (astigmatism, filters should be capable of being exactly super- 
coma, curvature of the field) from being very posed and be of equal sharpness, 
harmful, the more so as, to obtain a sufficiently The requirements of a lens for enlarging are 
uniform image in the different planes, small much the same as those for process >york, except 
apertures must be used. Such lenses can, there- that the correction should be made for an 
fore, be made very simply, even from lenses enlargement of 2 to 15 times linear, 
made for other purposes, so long as combina- A tens for photo-topography (photography 
tions practically free from distortion are em- applied to topographic survey work) should 
ployed, in which spherical aberration is small, embrace a very wide angle and ^ve a perfect 
if not entirely removed. The modern tendency, im^e of distant objects (corrections therefore 
however, is to use lenses which are capable of limited to an infinite object distance) and, 
giving good definition for producing the nega- especially, absolute freedom from distortion and 
tive, introducing whatever softening is desired curvature of the field. For work executed from 
in the printing process. terrestrial stations, a small aperture is sufficient. 

Certain requirement^, chiefly commercial, but for aerial photography, where large apertures 
such as the necessity of being able to make are required, the a^le of field is usually 
extremely short exposures under all lighting smaller, and the correction for achromatism may 
conditions, compel the professional photographer be a simpler matter, since a yellow filter, which k 

MG.36S0) «3 
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always necessary in this class of work, may be 
permanently incorporated with the lens. 

Finally, it may be noted that for certain 
classes of work (e.g. astronomy) requiring either 
very high apertures, or very long focal lengths, 
objectives incorporating mirrors are used (caia- 
dioptric systems). 

95. Brief Description of the Principal Types 
of Lenses. In the following paragraphs are 
briefly described some types of lenses, chosen 
as those which have marked an epoch in the 
development of photographic optics, with an 
indication of their essenti^ characteristics, but 



Fig. 10. 1. Shading Rbprbsbnting the Different 
Types of Glass 


Chevalier (1830), partially corrected for achro- 
matism (Fig. 10.3), which, with stop //14 
(afterward increas^ to //12), covered suffi- 
ciently well a circle of diameter equal to half 
the focal length. At a smaller stop, //70, the 
held was half as large again. 

This form of lens was improved and brought 
to its present form of simple achromatic lens 
only in 1857 by Thomas Grubb. In his lens 
(Fig. 10.4) it is seen that the arrangement of 
Chevalier was reversed, the convergent lens this 
time facing the object. With an aperture, 
usually //16, the held reached 60'’ with complete 
correction of achromatism and partial correction 
of spherical aberration for the central rays. By 
increasing the number of cemented lenses to 
three (Fig. 10.5), J. H. Dallmeyer (1865) was able 
to extend the aperture to //ii and field to 70® 
(90® at 7/32) in his '* rapid wide-angle landscape 
lens.*' 

97. Petzval Portrait Lens. This lens'(Fig. 10.6), 
the first to be calculated by a mathematician, 
was only moderately successful when first 
brought out (1840). J. Petzval 


set out, by a proper choice of 
without claiming to be a complete list, on ac- curvatures and thicknesses, to 
count of the extremely wide variety of combina- correct aberrations, and particu- 
tions in use and the continual improvements laxly curvature of the field, with- 

being made. To facilitate comparisons, all the out the necessity of using a 

sectional drawings (Figs. 10.2 to 10.26), reduced small stop, so as to shorten the Fig. 10.2. 
to their essential elements, have been made on a very long exposures required in Wollaston’s 
uniform scale corresponding to lenses of 4 in. the Daguerreotype process. But me^nwcus 

focal length. The principal t3rpes of optical glass this aim could only be accom- //u ' 

are indicated by conventional shading, the key plished at the expense of angle of 
to which is given in Fig. 10. i. The stop drawn field, the diameter of useful field being only 
corresponds approximately to the maximum about one-third the focal length (angle 20® to 
aperture. 25®), with an effective aperture of //3*4 to //3'6, 

96. Single Lenses. The simple non-achroma- subsequently enlarged to//2>4 by H. Zincke in 
tiz^ lens was used in the camera obscura before 1870. It will thus be seen that the useful field 
the invention of photography. To obtain a of the lens was almost equal to its diameter, 
relatively large field, W. H. Wollaston (x8i2) Although this angle of field was quite sufficient 
reoommifttded the of a convergent meniscus for the head-and-shoulders portrait, as experi- 
lens (Fig. 10.2), with stop in front, having an ence has since shown, the tendency of the time 

r ture of //II, and covering a field equ^ to was towards a very large angle of fidd, and the 
focal length (angle 60®). This image, it photographer would almost have liked the lens 
must be understood, has every possible aberra- to portray objects behind it 1 
tion, and in particular requires the adjustment In his first type Petzval had intentionally 
alter focusing to compensate for the difference left in a little chromatic aberration, which aubse- 
between visual and chemical focus. In some quent optical designers adopting type 
fixed-focus cameras (§ 86) this is made once for corrected in the endeavour to make the image a 
all by the maker who ato makes allowance for little more homogeneous, 
astigmatism, field curvature and coma by setting The Petzval portrait lens, mmre or leas modi* 

the film at a suitable distance from the lens. fied, is still in use in a large number of portrait 
The first photografffis made by Daguerre were studios. Perhaps it would also by 

taken with a dcniDlet lens made by C. L. amateius if it had not been for ^ tradition id 
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mounting it in an extremely cumbrous mount. 
It is frequently also used for projection work. 

At the time of the reaction against the exag- 
gerated correction of lenses for portraiture, 
lenses of the Petzval type were successfully used 
(de Pulligny, 1904) with the back combination 
removed and replaced by a simple convergent 


was indeed rectilinear, it was only very slightly 
aplanatic, so that it is the name given it by 
Dallmeyer that has become general for this class 
of lenses, which all lens designers tried, more 
or less successfully, to improve. In its original 
form it covered a field of 45® at //8, and 60® at 
//30. Steinheil succeeded in increasing the 



Fig. 10.3. Chevalier’s 
Doublet Lens 

//14 



Fig. 10.4. Grubb’s 
Doublet Lems 
//16 



Fig. 10.5. Dallmeyer's 
Landscape Lens 
fill 


meniscus of the same diameter but almost 
double the focal length. The whole lens can be 
used at about //5. The chromatic fringe is then 
about one-third to one-quarter that of an 
anachromatic lens of the same focal length and 
relative aperture. 

98. Rectilinear Lenses. At a time when the 
only successful lenses available to the photo- 
grapher were the simple objective and the 



Fig. 10.6. Petzval Portrait Lens, 
ff 3'5 


portrait lens, the need was felt for lenses cover- 
ing a field comparable with that of the single 
lenses but perfectly corrected for distortion, 
which consequently could be used for copying 
and architectural photography. This correction 
was sought for in a symmetrical arrangement of 
the components, following that already used by 
Wollaston for microscope objectives. In 18^ 
H. A. Steinheil brought out his symmetrical 
aplanat(F%. X07), and soon afterwards the recti- 
linear of appeared, almost identical 

except as to detail. However, while this leas 


aperture to f/y and even //6 without much 
sacrifice of field (40°). These lenses attained 
considerable popularity. 

If the aperture of a rectilinear lens is increased 
beyond its normal limits, spherical aberration 
is introduced, and gives the image a softness 
comparable, to a certain degree, with that given 
by the introduction of chromatic aberration, 
so that the lenses are sometimes so used &>r 



Fig. 10.7. Steinheil's Sym- 
metrical Aplanat, //8 

portraiture. No correction for focus is then 
necess^. 

An important advantage of the r^tilinear 
lens for the possessor of a camera having si^- 
dent bellows extension is the possibility of using 
the back comlnnation alone, forming a single 
achromatic lens of double the focal length of 
the complete lens. The largest aperture, //8, 
is then actually f/16 or a little less. The im^ 
is almost twice as large as that obtained with 
^ complete lens, but is only erie-quarter as 
br^lbt. A Httle d^tortioa may be seen at the 
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edges of the field, which need not prevent its 
use as a landscape lens. The rectilinear is thus 
the cheapest and simplest convertible lens. 

99. Wide-angle Rectilinears. The somewhat 
large separation between the components of 
the rectilinear lens restricts the angle of field 
illuminated, and it is impossible, even by stop- 
ping down, to increase the angle to the extent 
required in many classes of work. In the 
'sixties were introduced the Globe lens of 
Harrison and Schnitzer (1863) and the Panto- 
scope of Busch (1866), symmetrical combinations 
of two achromatic lenses of the form shown in 
Fig. 10.2, covering 90® and 95® at maximum 
apertures of //17 and //30, with considerably 


tion of the individual components, each com- 
ponent, on the contrary, being left with con- 
siderable aberration, which compensated that 
in the other. This fruitful conception was first 
applied with real success by A. Steinheil (1881) 
in his group antipUnat (Fig. 10. 10), covering 
at //6‘2, the central region being remarkably 
well corrected for astigmatism. The consider- 
able weight of this lens was a serious drawback 
to its use on the light cameras which began to 
be fashionable with the introduction of the 
dry plate. Hence this lens and several variants 
of it made by R. Steinheil merely aroused 
curiosity, the more so as the approaching 
appearance of the anastigmat was to furnish a 



Fig. 10.8. Steinheil's Fig. 10.9. Puyo and Pulligny'r Fig. io.io Steinheil's 
Wide Angle, //i8 Symmetrical An achromatic Group Antiplanat, 

Lens, //6-5 //6-2 


less curvature of the field in the latter case. 
Steinheil subsequently succeeded, by modifying 
his aplanat but keeping the same principle, in 
making his wide-angle aplanat (Fig. 10.8), cover- 
ing 105® at //18, showing marked superiority 
over its pred^ssors, particularly from the point 
of view of spherical aberration. 

100. Ana^omatic Symmetrical Lens. This 
lensi^he use of which was recommended by Puyo 
and de Pulligny (1903), is based on Steinheil's 
*' Periscope" but, there being no need for a large 
angle of field, the aperture was increased from 
//40 to ^6*5. The S3rmmetrical anachromatic 
consists of two identical convergent menisci 
placed one on either side of the stop, with their 
convex surfaces outwards and separated by at 
leut one-sixth of their common focal length 
(Fig. 10.9). When the necessary correction is 
made for focus, very agreeable portraits can be 
made, covering a field of about 30®. 

zoz« Antiplanats. A symmetrical construc- 
tion reduces the resources of the lens designer in 
t^ matter of corrections, as both combina- 
tions must be separately corrected for several 
aberrations. With the glasses availaUe at 
this period progress was only possible by giving 
up both symmetry and the separate correc- 


complete and more elegant solution of the 
problem of the photographic objective. 

102. The First Anastigmats. The principles 
of the correction of astigmatism had been laid 
down in 1843 by Petzval, but none of the 
glasses available to opticians at that time allowed 
these conditions to be satisfied. The appearance 
of new glasses, dense crowns, and light flints, 
enabled P. Rudolph, at the instigation of £. 
Abbe, to design, after less successful attempts, a 
type of unsymmetrical, unconvertible doublet, 
the appearance of which (1890) marks an event 
in the history of photographic optics, at least 
as important as the invention of the portrait 
lens or the aplanat. Each of the components of 
the different series of lenses made on the same 
principle (afterwards known as Protars) was 
formed of two cemented glasses, the dimensions, 
curvatures, and thicknesses varying as the 
requirements were for a lens of high aperture 
(field of 80® at F/7*2) or one of very large field 
(no® at //18). Fig. lo.ii shows this ty^ of 
wide-angle lens. A much better correction of 
astigmatism was obtained in 1^3 by adding a 
glass to the rear component (Fig. lo.ia), this 
lens covering perfectly, without curvature of 
field, an angle of 57® at //8 and still satisfactorily 
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75° when stopped down to fjzz. In 1901 H. L. 
Aldis showed that an excellent image could be 
obtained with a considerably simpler con- 
struction (Fig. 10.13), covering a field of 51° at 
//6 and 90° at 7/32. 

103. 6>n^^ble Anastigmats. The excellent 
results obtained by Rudolph encouraged many 
lens designers to use the new combinations of 
glasses, but they sought for a solution of the 
problem in another direction — returning to 


and curvature, but very suitable for landscape 
work. The focal length is usually about i*8 
times that of the complete lens, and the camera 
extension is rather more than doubled. The 
maximum effective aperture is then equal to 
the actual diameter of the largest stop, and the 
relative aperture about 40 per cent (mean value) 
less than that of the complete lens. 

Meanwhile (1895) Rudolph, after having tried 
and rejected this arrangement, worked out a 




Fig. io.ii. Rudolph’s Fig. 10,12 Rudolph's 

WiDB-ANGLE PrOTAR, PROTAR, //8 

//I8 


FfG. 10.13. Aldis 
Anastigmat, fjb 



Fig. 10.14. Von Hobgh's 
Dagor, //6-8 


the convertible symmetrical lens. The Ger- 
man factories being almost the only ones at this 
period to possess research departments, the first 
of the new category to appear was the double- 
anastigmat calculated by E. von Hoegh (1893), 
(Fig. 10.14), covering a field of 72° at //8 (after- 
wards increased to 7/77 and then to 7/^*8), 
and almost 90° at 7/22, forming an excellent 
universal lens. A number of variants followed, 
from process lenses covering about 100° at fjii 


single anastigmat of four cemented glasses, 
which could be used either separately (field 
about 50° at a maximum aperture of 7/12-5) or 
in pairs, forming either a S5mfimetrical lens at 
7/6*3 or an unsymmetrical lens (Fig. 10.15), at an 
aperture from 7/7 fo’//77 (according to the 
degree of dissymmetry) covering about 45° at 
full aperture and 80° at 7/25. This arrangement 
has since been adopted by the greater number of 
designers some of whom have pushed the aperture 




Fig. 10.15. Rudolph’s Double 
Protar, //77 


Fio. 10.16. Taylor’s Cooke 
Triplet Lens, //6*5 


to the French '"Eurygraphe" lens, in which the 
aperture was enlarged to 7/5 with the same field 
of 90*’. The number of glasses ceniented to- 
gether in the components was sul^quently 
increased to four, and even five. 

The back component of such a lens, when used 
alone, forms an excellent single anastigmat, 
corrected for chromatic and spherical 
aberrations, but not for coma, and showing, at 
least at the edges of the field, a little distortion 


to 7/5 and that of the single components to 
7/9. These convertible uns5mmetrical anas^- 
mats form the simplest ‘*sets of lenses" giving 
the photographer a range of three focal lengths 
in steps, generally in the ratio of i : i*6 : 2 (Or 
1:1-5: 2-2), the focal length of the complete 
lens being taken as i* Care should be taken 
always to place the single lens, when used by 
itself, behind the diaphragm, and, when re- 
assembling the Qomji^te lens, to place the 
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Porter-focus component behind, the longer 
component being placed in front. 

In the early days of photography use was made 
of convertible lenses to provide a range of focal 
lengths. In modern practice it is more usual for 
the photographer to carry a range of lenses of 
different focal lengths, ^ch one a separately 
designed unit. 

104. Unconvertible Anastigmats. A completely 
different conception of the anastigmat led H. D. 
Taylor (1893) to design numerous types of 
specialized lenses, all consisting of a system of 
three separated lenses, among which the model 
shown in Fig. 10.16 :s particularly designed for 
hand cameras, covering 70° at a maximum 
aperture of //6*5. Among other forms by the 
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Fig. 10.17. Rudolph and 
Wandersleb’s Tessar, //3-5 

same designer may be noted a portrait lens at 
fi 3 ‘ 5 > covering about 40'^, a wide-angle covering 
97° at f/ 6 ‘S, and a process lens at f /8 (f/11 
and //16 for the longer focal lengths) covering 
55® at full aperture and about 80° at 7/32. 

The advantages of this relatively economical 
construction, which allows the designer the 
great^t number of variable factors with the 
minimum number of lenses, led to the appear- 
ance of a number of variants, in most of which, 
however, one of the single lenses was replaced by 
a system of two cemented lenses. Such is the 
case, for ^example, with the lens designed by 
Rudolph and £. Wandersleb (1902), of which 
there are several series. That shown in Fig. 
10.17, intended especially for portraiture, covers 
a of about 35® at//3-5. Others at //4*5 and 
//6'3 cover respectively 55® and 65® at full 
ap^ure, and 70® with a small stop (about 7/36). 

205. Symmetrical Anastigmats of Separated 
Lenses. With a view to simplifying the con- 
struction of symmetrical convertible anast^- 
mats, many designers have sought to take 
advantage of the fr^om given by combinations 
of sqjA^ted looses. One of the first of this 
type appears to be that calculated by von Hoegh 


(1898). Originally the maximum aperture was 
only about 7/10 for the complete sj^tem, but it 
was extended by Zschokke successively to 7 / 7*6 
(1903), and then to 7/5-5 and 7/4*5, according 
to the focal length (Fig. 10.18), the field being 
about 60® at the maximum aperture and 65® 
at a very small aperture. 

The presence of eight glass/air reflecting 
surfaces has some drawbacks (§§ 58, 59 and 60). 
The maker of the above type therefore recom- 
mends that the lens should preferably be used 
at full aperture, because with small stops harm- 
ful reflected images may sometimes be formed.” 

Each of the halves uf such a lens can be used 
separately behind the diaphragm, when the 
maximum aperture will be 7/10 to f/ii. 



Fig. 10.18. Zschokke's Fig. 10.19. Von Hoegh’s 

CELOR, HyPERGON, ff 22 

206. Wide-angle Lenses. Although such a 
lens has only a very restricted use, we ought to 
mention, if only as a curiosity, the wide-angle 
lens (Fig, 10.19), calculated by von Hoegh in iqoo 
to cover a flat anastigmatic field of 140®, almost 
four-tenths of the complete horizon, at an aper- 
ture of 7/22 (actually the full aperture is used 



Fig. 10.20. Modern Dallmeyer Wide- 
angle Lens, //z6 

only for focusing, and a smaller aperture used 
when the photograph is taken). The correction 
for astigmatism is only obtained by the use of 
extremely thin lenses ; spherical and chromatic 
aberrations are not corrected, but the relative 
aperture is so small, and thus the depth of focus 
is so large, that these aberrations do not affect 
the image in practice, and no correction for focus 
is necessary. When the field used exceeds iio^ 
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the difference of illumination between the centre 
and the edge is so great that it is necessary to 
use a star-shaped diaphragm (§ 56) to reduce the 
illumination at the centre for a considerable 
proportion of the exposure. 

The laiige angle between the extreme secon- 
dary axes, and the fact that the focal length is 
scarcely one-fifth the diagonal of the plate 
covered, means that the lens can only be used 
on a sf^cially-made camera ; also it is generally 
impossible to use a shutter with it. 

A more useful wide-angle lens is shown in 
Fig. 10.20, and is made by Messrs. Dallmeyer. 
This lens is focused at //6-5, but must be stopped 
down to //16 for exposure. The angular field at 


10*23) (1924), and finally W. Mert^’s "Biotar" 
of aperture //i*4 (Fig. 10.24). 

108. Variable-power Telqihotos. A divergent 
lens had several times been used for enlarging 
the image given by an astronomical objective 
(L. Porro, 1851 ; Warren de la Rue, i860), or 
by a microscope (Foucault and Donn4, 1845; 
Borie and de Toumemine, 1869) when, in 1873, 
J. Traill Taylor pointed out the importance to 
photographers of obtaining large pictures of 
distant objects directly in the camera, by using 
an objective constructed on the principle of the 
Galilean telescope (opera glasses) but. increasing 
the separation between the lenses and correcting 
them specially for this purpose. Such a system. 



Fig. 10.21. Lee’s Optic Fig. 10.22. Rudolph’s Fig. 10.23. Bbrtble’s 

Anastigmat, //2 Kinoplasmat, //2 Ernostar, // i-8 


//16 is 90° and increases to 95° at 7/32. Similar in fact, constitutes an objective the focal length 
lenses are made by several other manufacturers, of which can be varied at will between very 

107. High-aperture Objectives. For every wide limits by altering the separation between 
type of objective there is a maximum aperture the elements. Also, since the nodal points 
beyond which it is practically impossible to are thrown forward a great distance in front of 
obtain good definition ; this limit may some- the lens, so that the (Sstance between the lens 
times be exceeded by the use of glasses of 
unorthodox types, but even then the increase 
in aperture is not striking. The zonal aberrations 
can be reduced to permissible limits only by 
using shallow surfaces, so that the refraction of 
extreme rays is slight for all surfaces. Most 
high-aperture lenses are related to a portrait 
lens designed by A. Clark (1889) in the U.S.A., 
which consisted of two combinations, each of 
two separated elements, of ^ the type formerly 

design^ by Gauss for t^escopes, the lens being Fio. 10.24. MertA's Biotar, //i*4 

nearly synmietrical. 

We may menti(»i particularly H. W. Lee’s and the image is only a small fraction of the 
fjz *‘^tic” (1921). (Fip[. I0.2I), P. Rudolph's focal length, the use of the cumbrous cameras 
//2 ’’lunoplakaat’^ (Fig. 10.22), in which a required for normal lenses of great focal length 
small amount of sphepcal aberration is inten- is thus rendered unnecessary. It was or^ ifi 
ffonally allowed, in order to produce "soft” 1891 that this sugg^ion was ^ploited by T. R. 
images, A. Khi^iardt’s//2 "Emostar," sul»e- IMdhnieyer, followed closely by A. Miethe and 
^piently extendi to //i*8 by L. Bertele (Fig, SteinhiSl, and theu by many other designers. 
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Consider (Fig. 10.25) a system formed of a con- 
vergent lens Li of focal length A and a divergent 
lens L| of focal length /|, so placed that the 
back focus f\ of the convergent lens falls 
between it and its (virtual) front focus The 
image of a distant point in the direction R will 
be formed, in the absence of the divergent lens, 
at a point r in the focal plane of the front com- 
ponent. This point acts as virtual object to 
the divergent lens and closer to it than its focus. 


0 = 0 + [F(s-i) +/J 
; = •- [F(i-i/s)+/j 

The ratio 5 being always greater than (or at 
least equal to) unity, it is seen that, for a photo- 
graph on the same scale, the distance of^the 
object from the telephoto is always greater than 
it would be with an ordinary lens of the same 
focal length, and the more so the smaller the 
focal length of the amplif3dng negative lens 



its image R' is real, and magnified in the ratio 

FR%y. 

The application of the formulae already 
quoted in § 70, bearing in mind that the focal 
length of the divergent lens must have the 

minus " sign, gives for the resultant focal 
length 

IT _ /l/l __ /l/i 

/i H- ill “ ^ ^ 

where e is the separation of the components. 
d the optical interval, the distance between the 
foci /|. The formula shows that when 6 
tends to zero the focal length becomes infinitely 
greii^t (adjustment of the Galilean telescope for 
normal ^ht). Conversely, if the lens L, ap- 
proaches the focal plane of L| there can & no 
pos^ility of photographing the image. The 
optical interval 6 can thus take all values 
bikweeir 0 and {fi /•), the difference between 
the two focal lei^ths. 

If the image given by the complete system is 
magnified m times relative to that which the 
convergent S3^tem alone would have given, the 
distance E of the divergent lens from the 
magnified image is 

£«/,(«-!) 

If, in the case of a telephoto, where — s, 
the distances 0 and / of the object and image 
respectively from the telephoto andthe distances 
6 I to an ordinary lens of the same focal 
length ghdi^ an image of the same size, are 
. caknlaM, it is found that — 


compared with that of the convergent system. 
Conversely, the distance from the image to the 
telephoto is always less than it would be with 
a lens of the usual construction. 

The first telephoto lenses used any ordinary 
photographic lens as the convergent system, and 
as amplifier a more or less complex divergent 
system. The two components were mounted so 
that the separation could be altered by a rack 
and pinion, the optical interval d of the above 
formulae being marked on a scale on the outer 
tube, also, usually, the resulting magnification 
and the corresponding distance of the image. 

The first simplification took place in 1896 by 
the construction of a complete system shown 
in Fig. 10.26, the divergent system being shown 
in full lines in the position for a focal length of 
4 in., whilst in the position shown by the dotted 
lines the focal leng^ is about X2 in. 

In one or other of these forms the telephoto 
requires careful handling on accoimt of the very 
faint image, making focusing difficult when 
large ma^ifications are attempted. The use 
of an optical system with variable separation 
requires in fact that each of the components 
should be separately corrected, which is only 
possible with small ai^rtures. This of 
lens must thus be considered as suitable only 
for special purposes. There is no doubt, how- 
ever, that it can render very appreciable service. 

Z09. Fixed-focus Telephotos. Very great 
improvement, at least in construction of tele- 
photo lenses for general use, was made whm 
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K. Martin (1905) abandoned the variable mag- 
nification and made a lens which, in view 
of its employment on hand cameras, would be 
more correctly described as a long-focus lens 
for short-extension cameras. The possibility of 
compensating the aberrations of each of the 
components by aberrations of opposite sign in 
the other, and the removal of the difficulty of 
centring which arises when two sliding tubes 
are employed (which must necessarily have a 
little play) enabled him to obtain an aperture 
of fig covering about 35° and giving an image 
of a quality comparaHe with that of a good 
rectilinear. The lens had the advantage that 
for a focal length of 9^ in. (covering almost the 
whole of a 9 X 12 cm plate), the distance from the 
vertex of the back lens to the plate (practically 
the same as the distance from the camera front to 
the plate) was only 5i in., that is, the equivalent 
focal length was 1*8 times greater than the back 
focal distance.^ The aperture of these lenses was 
extended later to fjy or //7*7 (by the same 
designer), with a slightly smadler field, the focal 
length for the 9 x 12 cm plate being increased 
to 10 J in., without increase of camera extension. 

The ratio of the equivalent focal length to the 
back focal length is sometimes called the power of 
telephoto, but the use of the Xermpower in this con- 
nexion is rather unfortunate. Most telephoto 



Fig. 10.26 Variable 
Power Telephoto 

lenses have a ''power” of about 2. In England, 
where this type of lens seems to have reached very 
great perfection, the aperture has been increased, 
first to //6*8 and then to //3*5, with a field of 
almost 35®. Fig. 10.27 shows a lens of //4*8 
aperture by H. W. Lee (1922). These lenses have 
b^n made up to now for use on hand cameras 
of size i^t exceeding 7 x 5 in. Recent types 
give an image comparable with that given by 
the best modBm lenses of normal construction. 

''Reversed” telephotos, that is, lenses in 
which the back focal length is greater than the 

^ The back focal diatance ia the aeparation between 
the neareat part of the back auiface ox the lena and the 
focal plane. 


equivalent focal length, have been used in 
cameras where it is desired to insert some 
system, such as the rotating prism in high- 
speed cine cameras, and the beam splitters in 
three-colour cameras. 

110. Other Lenses of Variable Focal Length. 

On many amateur cameras one of the elements 
of the lens may be displayed relatively to the 
others by rotating the front of the lens mount. 
This produces a change of focal length and a 
displacement of the back nodal point in order 



Fig. 10.27. Fixed-focub Telephoto, 
//4-8 (Lee) 


to focus on objects at different distances. 
This was first effected by moving the front 
element of a triplet (H. D. Taylor, 1902), and 
later by moving the front element of a four- 
element lens (C. W. Frederick, 1920). In other 
lenses the back element has been moved (W. 
Gehrke, 1930). A very slight change in the 
separation of the elements is sufficient in mkiiy 
cases to produce an appreciable change in the 
focal length of the system, and thus the design 
of the camera may be considerably simplified. 
This method is not applicable to high aperture* 
lenses, in which the performance would suffer 
appreciably from a change in separations. 

III. A similar device is used to obtain certain 
effects in cinematography. In Warmisham’s 
"Varo” (1932), the focal length may have smy 
value between ij and 5 in. without changing 
the position of focus for distant pbjects (focus- 
ing for short distance is effected by the use 
of supplementary lenses). As the focal length is 
progressively increased (by means of a lever 
which changes the position of one part of the 
system) the scale of the image also increases, 
and the field of view decreases. This gives the 
impression, on projection of the film, that thp 
camera must have been moved smoothly along 
its own axis towards the object. A lens which 
does not suffer from the defect inherent in 
Wam^am's design, namely that the relative 
aperture changes with the focal length, was 
designed F. G. Back (I94j3) and given the 
name "Zoomar.” When used on i6-mm film 
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this lens is capable of a change in focal length 
from 17 mm, where it acts as a wide-angle lens, 
to 53 mm, where it acts as a telephoto lens. By 
changing the front lens, the range of equivalent 
focal length can be shifted from 35 to 106 mm 
without change of image position or light 
transmission. 


B c 



Fig. 10.28. Section of Modern Lens and 
Iris Diaphragm 

A » hood. B » diaphragm. C — flange. D « thread. 

1X2. Different Types of Lens Mounts. Several 
types of mounts are employed for photographic 
lenses, according to the use to which they are 
to be put. 

For cameras which are always used with a 
tripod (studio and field cameras), where there is 
no Hmit to the projection of the mount, a 
normal moamt (Fig. 10.28), the simplest type of 
all, is usually htted, the flange being attached to 
the rear of the lens mount, giving free access to 
the diaphragm. On hand cameras, where bulk 
has to 1^ r^uced, a sunk mount is often prefer- 
able, the flange being on the front part of the 
mount, which is thus sunk inside the camera in 
order to make use of the space corresponding to 
the thickness of the bellows (when closed). The 
diaphra^ is then operated- from the front by a 
cylindrical lining between the exterior mount 
and the actual l^y of the lens. 

Wh^ the camera is not fitted with any adjust- 
ment for focus a helical focusing mount is 
employed, with the flange in front and com- 
prising, beside the tube actuating the iris, three 
concentric tubes. Two studs fixD^ on opposite 
sides of ttie inner tube engage in helical slots in 


the intermediate tube and in slots in the outer 
tube parallel to the axis. A rotation of the 
intermediate tube by means of a ring working 
over a scale of distances causes the lens to move 
forward or backward without rotation. 

Finally, for use with between-lens shutters 
(§ 138) , the mount is reduced to two or three cells 
in which the lenses are bezelled or held in with 
clamp rings, these cells being screwed into the 
female screws provided at either end of the 
shutter. It cannot be too strongly recommended 
that the mounting of a lens on a between-lens 
shutter should be entrusted to the maker of the 
lens, so that there should be no alteration in the 
separation of the elements of the lens to spoil 
its qualities. Makers generally engrave their 
trade-mark, serial number, and lens charac- 
teristics on the front only. The back cells of 
lenses of the same series and mean focal length 
are not usually optically interchangeable, but 
as they are mechanically interchangeable some 
manufacturers avoid confusion by engraving 
on the back cell at least the number of the lens. 
The female screws of the cells can be used for 
inserting filters, supplementary lenses, etc. 
When the lens is focused for different distances 



Fig. 10.29. Section of Modern Lens mounted 
IN Shutter with Front-cell Focusing 

A — focusixig scale. B » focusing mount. C fhutter. D * thread. 

by adjusting the position of the front element 
(§ no) a mount of the type shown in Fig^ 10.29 
is used. 

The mounts of old lenses always had a hood 
of very great projection, either integral with the 
front cell or detachable, but some modem lenses 
do not carry such a hood, and it is often necessary 
to use an auxiliary hood (§ 124). 

Attachment of the lens to tlw camera may be 
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by means of a screw thread, or by a bayonet 
type fitting. 

The materials used for lens mounts are gener- 
ally brass, or the light aluminium alloys; pure 
aluminium, which was used for some time, had 
the drawback that the threads rapidly wore 
out. When a lens of long focal length is likely 
to undergo large changes of temperature (aerial 
photography at high altitudes) it is well to 
restrict the expansion and contraction of the 
mount by using the invar steels, or to adopt a 
compensating device like those frequently used 
on clock pendulums. In every case where the 
lens may be used for tlie copying of originals 
under glass, it is desirable that the mount 
should be finished in mat black lacquer so as to 
minimize reflection. 

A necessary accessory is the cap, made of 
leather, or metal with a velvet lining. The lens 
being considered to remain on the camera, only 
the front lens is then exposed to shocks, and 
only one cap is usually provided. When several 
lenses are carried with one camera, it is well to 
fit a cap on the back cell as well. The lenses on 
cameras exposed in dealers’ shop windows 
might very well be provided with glass-fronted 
caps which would keep out the dust but leave 
the maker’s name visible. 

1 13. Choice of a Lens, The descriptions 
previously given (§ in) form sufficient guide 
to the choice of a lens required for a special 
purpose, so that we shall now consider only 
the case of the modest amateur desiring to 
attempt the most varied work with the greatest 
possibility of success, with only one lens. 

The single lens is usually only found on small 
cameras for beginners. In very good light, 
moving objects may be photographed, but the 
small aperture {//16 to fjii) obviously will not 
allow of instanteous photography in poor light. 
Even cheap box cameras, however, are now pro- 
vided with flash contacts to enable a flash bulb 
to be fired simultaneously with the shutter, 
which extends the use of these cameras to con- 
ditions which would previously be unfavourable. 

Most modem cameras of the better class are 
fitted with anastigmats and have apertures 
from 7 / 6^3 to /f 4 ' 5 - Many have apertures larger 
than //2>5. High shutter spe^ are then 
possible, enabling even very rapid movement to 
be photographed. In other words, the princi]^ 
advantage of the anastigmat, thanks to its 
greater speed, is to ei^tend the lighting con- 
oitiona under which it is possible to photograph 
moving obiects. 


Regard must, however, be paid to the fact 
that the emplo3mient of larger apertures reduces 
the depth of field, the estimation of the distance 
on which to focus becoming much more difficult 
in proportion as the aperture is increased. 
Hence it may be considered that apertures in 
the neighbourhood of //3‘5 will be only rarely 
used in outdoor photography unless it is pro- 
posed to specialize in the photography of objects 
in very rapid movement requiring exposures of 
the order of i/i,oooth second, or in colour 
photography. 

The property of the anastigmat of covering a 
larger field so that a shorter focus lens can be 



Fig. 10.30. Plate Size in Relation to Lens 
Field 

used for the same plate, thus reducing the size 
of the camera, is generally considered an 
advantage. Although this is so for some kinds 
of photography, it is difficult to avoid regarding 
it as a drawback from the point of view of 
pictorial photography, the smaller scale of the 
image tempting the photographer to approach 
too near to his subject. 

If the camera allows sufficient extension, the 
employment of one of the components of a 
convertible anastigmat is to be preferred, the 
complete lens being then used for subjects with 
movement, and either of the components for 
landscape photography. 

1x4. Choice of Focal Len^. The necessity 
that often arises for displacing the lens (§ 151) 
normal to its own axis so as to raise or lower the 
horizon, especially for the photography of high 
buildings, while keeping the cmtic axis of the 
lens horizontal, requires the choke of a lens such 
tiuit the diameter of the field covered sharply 
should considerably exceed the diagonal of the 
rectangle defining the image, at least when 
stopped down. 
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Diameter of the Sharp Image (the Focal Length being taken as Unity) 


Angle ol 
field 

Diameter of 
image 

Angie of 
field 

Diameter of 
image 

Angle of 
field 

Diameter of 
image 

10- 

0-17 1 

55- 

104 

100® 

1-38 

15“ 

0*26 I 

60® 

115 

105- 

2*6i 

20® 

0-35 

f>5- 

1*27 

no® 

2*86 

25* 

0-44 

70® 

1-40 

115- 

314 

30* 

0*54 

75- 

1*54 

120® 

3*4<» 

35- 

0*63 

80® 

1*68 

125- 

384 

40* 

0-73 

85® 

184 

130® 

4*28 

45* 

0-83 

90® 

2-00 

*35- 

4-84 

50* 

0*93 

95- 

2-i8 

140® 

550 


Dimensions 


1-8 X 2-4 cm. 

24 X 8 6 

3x4 

4x4 

4x5 

46 X 6 

6 x6 

6x7 

6-4 X 8-9 X 2j") 

6*6 X 9 

8x9 


Image Sizes (Nominal) and their Diagonals 


Diagonal 
in inches 

Dimensions 

Diagonal 
in inches 

Dimensions 

Diagonal 
in inches 

118 

8 2 X 10 8 { 4 l" X 3F') 

5-28 

18 X 24 

11-82 

178 

9 X 12 

5-91 

20‘3 X 25‘4 (10'' X 8'') 

I2-8i 

1*97 

101 X 12-7 (5" X 4") 

6-38 

21 X 27 

*3-48 

2-24 

9 X 14 

6-54 

24 X 30 

1513 

2*52 

10 X 15 

7*09 

23 4 X 30 - 4 ( 12 " X 10") 

15*60 

2*96 

11 X 15 

7‘33 

27 X 33 

16*78 

3*35 

12 X 16-5 ( 6 \" X 4 i") 

8*04 

30-4 X 38-1 (15" X 12") 

1919 

378 

12-7 X 17 8 if ' X 5") 

8*59 

30 X 40 

19*70 

433 

18 X 18 

8*75 

40 X 50 

25*22 

4*37 

15 X 21 

10-17 

50 X 60 

30*77 

473 

16-5 X 21-6 {S^" X 6 i '0 

10-69 

1 


If we consider, for example, a plate q x 12 cm 
(Fig. 10.30), of which the diagonal is 6 in., a field 
of 6 in. diameter would cover it if the lens were 
always centred on the plate, i.e. if its optic 
axil always met the plate in the point 0, the 
intmection of the diagonals of the rectangle 
ABCD, But if the lens is to be decentred 1*2 in. 
parallel to the long sides, so that it comes 
opposite 0 \ the lens considered above would 
no longer cover the shaded area AabB, and in 
order then to cover the plate, the field covered 
sharply should be equal to the circle with 0 ' as 
centre and radius O'A, i.e. a diameter of 8 in., 
which would cover a plate 6J x 4iin. in the 
absence of decentring. A margin of a few 
millimetres (about one<eighth of an inch), 
Gorresponding to the rebate on the dark slide to 
hold the plate, should, to be exact, be deducted 
from the noimal plate size. 

Lenses being generally characterized by the 
angk of field snarply covered (angle between the 
secondary axes to the two extremities of the 
diameter of the circle of the sharp image, or to 


the two extremities of the diagonals of the 
rectangle which can be inscribed in this circle), 
the two tables given above indicate, in the 
first, the factor by which the focal length 
should be multiplied to obtain the diameter of the 
sharp image when the angle of field is known 
(viz., twice the tangent of the semi-angle of 
field) ; and in the second, the lengths of the 
diagonals corresponding to the different plate 
sizes. In this second table the sizes common on 
the European continent are indicated by heavy 
type ; those in use in England and America by 
imics, with the sizes in inches in brackets. 

This table does not include the stereoscopic 
plate sizes corresponding to the size of two single 
pictures. 

The eye includes an angle of only 50^, so 
it is recommended (if the photograph is to be 
viewed from its normal viewpoint) that the use 
of a larger angle of view shodd be avoided, ex- 
cept for record work, where a wide angle cw be 
us^. This amounts to saying that the focal 
length, at least in landscape photography, ought 
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to be at least equal to the diagonal of the plate. 
In fact, the bad habit has been established, 
either for economical reasons or by an innate 
tendency to include in a photograph as much as 
possible, even if a great part has afterwards to 
be sacrificed in the print to unify the composi- 
tion, of choosing almost invariably a lens of the 
shortest focal length in the maker’s catalogue 
which will cover the plate. This is the more 
often done as some catalogues purposely print 
the expression “ recommended for such-and- 
such a size,” instead of the more desirable 
” able to cover, at the maximum, such-and-such 
a size.” It is thus that many cameras are 
fitted with lenses of which the focal length is 
scarcely greater than the longer side of the 
plate, except in the case of large-aperture lenses, 
which always have a smaller angle of field. 

There is obviously no disadvantage in employ- 
ing a lens covering a larger angle of view, if only 
a part of this angle is used in the photograph, 
but in this case care must be taken that light 
reflected from the sides of the camera does not 
fog the image. The detachable lens hood is here 
called for. 

Particular considerations limit the choice of 
focal length of studio portrait lenses. On the 
one hand it is very desirable, in order to avoid 
foreshortening and exaggeration of near parts, 
to place the camera at least 12 ft away from 
the sitter for a head and shoulders or half-length 
portrait, and at least 20 ft for full-lengths or 
groups. On the other hand, it is obviously 
necessary to take into account the dimensions 
of the studio and the distance available between 
sitter and camera, since the sitter cannot be 
placed against the wall and the operator must 
have room behind the camera for focusing and 
manipulating the dark slides, both of which 
requirements take away at least 6 ft from the 
actual length of the studio. Finally, in industrial 
towns, where dust is plentiful in the air, the 
light diffused by the dust (when the space 
between the camera and sitter is illuminated) 
will produce a slight haze over the image if the 
distance between sitter and camera exceeds 
about 40 ft. 

AUowmg a mean height of 5 ft 5 in. for an 
adult, and that the head is about one-seventh 
the height, i.e. q-qjin., it is easy to find, by 
using the rules fortnulated in § 64, the distance 
the sitter must be aw^y from the lens in order to 
obtain an image of any desired size, or, inversely, 
to determine what is the great^t focal length 
which, in the space available, will allow of a 


given degree of reduction. For a small print 
(head about o-8 in., or full length about 2} in. 
on 3j X 2} in. paper), a lens of ii in. focal 
length will require a distance of 23 ft, so that 
the studio must be about 30 ft long. For 
larger portraits (a head measuring about i-6 in. 
or a full-length figure 4 in. on paper 5 X 4 in.), 
or for post cards (5J x 3i in.), the same length 
of studio would allow the use of a lens of 21 in. 
focal length for head and shoulders, or a lens 
of 14 J in. focal length for a full-length portrait, 
these focal lengths being the shortest which 
permit the camera to be placed sufficiently far 
from the subject to produce an agreeable 
perspective. 

The table below indicates the distances 
between the sensitive plate and the subject 
liecessary to obtain the image of a head or of a 
full-length figure, of given dimensions, taking 
the foed length (/) as unit of distance— 

Head (Length gi in.) Reduced to 
0*8 in. 1*6 in 2-4 in. 3*2 in. 4-8 in 

14*1/ 8*2/ 6.25/ 5*33/ 4-5/ 

Figure (Length 5 ft 5 in ) Reduced to 
2*8 in. 4 in. 6 in. Sin. 10 in. 

25-6/ i8*6/ 13*1/ 10-4/ 875/ 

The only calculation to be done is to multiply 
the number given above by the focal length of 
the lens to be used. 

It is no good trying to use a large aperture 
with lenses of very great focal length, since the 
depth of field would be insufficient even for a 
profile portrait ; it would constantly be necessary ' 
to use the lens at a much smaller aperture. 
//3«5 can be taken as a practical limit for a lens 
of 12 in. focal length, //5*6 for 20 in., ^d //8 
for 30 in. (See §80 on “Factors Affecting the 
Depth of Field.”) 

1 15, Practical Testing of Lenses. The prac- 
tical testing of a lens should be carried out under 
conditions as similar as possible to those in 
v^ich^ it will be used ; it would be as absurd to 
test* on a distant subject a lens intended for 
process work as to test on a close-up subject a 
lens to be used for aerial photography. Similarly, 
if the lens is to be used normally with fast, 
coarse-grain film, it could be misleading to test 
it with a fine-grain emulsion. The contrast of 
the test object is also of importance ; it should 
not be much greater or much less than the 
average contrast of the normal subject matter. 

As far as possible, the test of a lens should 
be carried out on a camera of topper size than 
the maximum fidd of sharp definition expected, 
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choosing preferably a camera known to be in 
perfect working condition, in order to run no 
risk of attributing to the lens any constructional 
faults of the apparatus, such as lack of register 
between the positions of the pound glass and 
the sensitive emulsion which is substituted for 
it after focusing. 

The first test to carry out is that for achrom- 
atism. For this, according to the intended 
normal use of the lens, either a page of a news- 
paper stretched on a wall, or a brick wall with 
bold lines, should be used as a test object, both 
being photographed obliquely from an angle of 
about 45 ®. Focusing having been done very 
carefully on an easily identifiable vertical line, 
a photograph is taken at the full aperture of the 
lens, preferably on a slow plate or lantern plate, 
so that there will be no trouble from excessive 
graininess of the image. If achromatism is 
exactly corrected, and if the dark slide is in 
register with the focusing screen, the sharpest 
line on the photograph will be that focused on. 

To test for colour correction, photograph near 
the limit of the field a transparent line on an 
opaque ground (made for example by a scratch 
on a uniformly fogged plate) behind whicli are 
placed three small pieces of gelatine filter, of the 
type used for three-colour separations. Any lack 
of alignment in the negative will indicate a 
difference in scale between the images formed by 
the different colours. 

To find the extent of the field of good definition 
without using a larger camera, it will be neces- 
sary to decentre the lens as much as possible, 
noting the amount, so that it will be easy to 
identify the position of the centre of the field 
on ths photograph. It must be assumed that 
the definition is symmetrical (which will be the 
case with a centred system), unless the test is 
repeated with the decentring in the opposite 
direction or after unscrewing the lens half a 
turn in the flange (and readjusting the focus). 

To test a process lens, a number of good proofs 
from half-tone blocks spread over the field 
embraced by the lens may preferably be used 
as a test object and photographed the same size 
or slightly smaller. To test a portrait lens, 
Ipapers prmted in large type are pinned against 
the wall of the studio and photographed at 
about i6ft distance. To test a landscape or 
ardiitectural lens, choose a large fa^de in 
brickwork with bold joints as test object, and 
^otogra{^ at a distance of about 6o ft, and 
atlar ms posdble with the lens axis at right angles 
; to the wall Each of these tests should be esurnsd 


out at maximum aperture, and at a number of 
smaller apertures, in order to compare the 
definition at different apertures. 

When comparing different lenses, care should 
be taken to make the comparison at equal 
relative apertures and at equal exposures on 
identical plates, which should be immediately 
developed together. If each of the lenses is 
mounted on a shutter, do not trust to the speeds 
marked on the shutters, which may not be accu- 
rate. It should be emphasized that unless all 
conditions are strictly controlled, it is impossible 
to arrive at an accurate comparison of the per- 
formance of different lenses. Moreover, one 
should not rely on the comparison between a 
single example of each of two different types of 
lens if one wishes to decide which is the better 
type. Differences in performance from lens to lens 
made by the same manufacturer may be greater 
than the average difference between two t3q)es. 

Ii6. Preservation and Care of Lenses. When 
not in use. lenses should be kept in a clean, dry 
place, in a dust-tight sheath-case or at least 
with caps on both ends. Where the lens has 
cemented components, which are liable to 
exposure to excessive heat (particularly if 
occasionally employed on an enlarger using 
artificial light), shield it from the source of light 
by an opaque screen of card or metal, except 
when actually focusing or exposing. 

Strict cleanliness of all surfaces is a necessary 
condition for obtaining clear images. A lens of 
which the surfaces diffuse the light either 
through condensation of steam or adherent dust, 
or grease marks due to contact with the fingers, 
will form a halo round all the high-lights, and 
more or less completely veil the shadows. 

Meticulous care is necessary in cleaning the 
lens surfaces. In the first place, atmospheric 
dust contains, among other things, numerous 
microscopic grains of sand, liable to scratch 
window or plate glass. Now optical glasses are 
considerably softer than common kinds, so that 
the rubbing of these grains on the surfaces of 
the lens, in the course of unskilful cleaning, 
causes the innumerable scratches seen on many 
lenses after some years' service. This slight 
abrasion will considerably impair the qualities 
of the lens. 

In cleaning, all substances which are likely 
to deposit grease on the lens (such as chamois 
leather) should be. avoided. Silk electrifies the 
glass and causes more dust to adhere. Linen 
cloth, taken from old linen gannents, is 
suitable for cleaning if recently washed and kejft 
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away from dust (in a well-closed metal box). 
Special lens-cleaning tissue is readily available 
and is cheap enough for a sheet to be discarded 
when once used. 

Before cleaning, the surfaces should be dusted 
without applying pressure to the glass, e.g. with 
a very soft dry brush, kept for this purpose in 
a dust-proof case, and washed from time to time 
in denatured alcohol and immediately hung up 
to dry in filter paper. 

The inner surfaces will not require dusting 
and cleaning so often as the outer surfaces, lens 
mounts with iris diaphragms being practically 
dust proof. Never unscrew at the same time 
both the front and back components, nor the 
components of a stereoscopic pair, in order to 
avoid the risk of interchanging them. 

After dusting and dry cleaning, see that the 
surfaces are perfectly clean, which is best done 
in a room lighted by a single lamp, not too bright, 
looking at the lens held in a position slightly of! 
the line joining the lamp and eye. If a dirty 
mark is seen, moisten it with a little soapy water 


and rub gently. If this does not remove it, 
moisten with a little denatured alcohol, taking 
care that none of it gets between the lens and its 
cell, as it might dissolve the Canada balsam used 
for cementing : after a few seconds, wipe dry. 

In any case never try to polish the surfaces 
of a lens with a powder (chalk or rouge) or 
polishing paste, for the slightest wearing away 
of the glass which this polisliing would produce 
would be sufficient to deform the surface and 
impair the quality of the lens. Never apply to 
the glass any all^ine solution, however weak, 
as optical glasses are extremely sensitive to 
action by chemical reagents and even to damp. 

Every time the lens is taken to pieces, be 
careful to wipe the inside of the mount, and see 
that the mat varnish has not peeled off at any 
place, showing bare metal which would reflect 
any light falling on it. If there is a bare spot to 
be seen, apply a little black mat optical varnish. 

To prevent subsequent steaming of the inside 
surfaces it is advisable to assemble the lens in a 
very dry place or close to a fire. 



CHAPTER XI 


LENS ACCESSORIES: SUPPLEMENTARY LENSES, LIGHT-FILTERS, POLARIZERS, 
PRISMS AND MIRRORS, LENS HOODS, SKY SHADES 


1 17. Supplementary Lenses (Magnifiers). 
Cs^eras of the fixed-focus type will produce a 
sharply defined image of the object only if it is 
at a sufficient distance from the camera, the 
picture being then on a small scale. In order to 
increase the usefulness of such a camera it is 
possible to mount p ^sitive supplementary lenses 
or magnifiers in front of the lens. 

It must be emphasized in the first place that 
such magnifiers, and also the negative supple- 
mentary lenses referred to later, must be cor- 
rectly centred with the camera lens. This 
excludes the use of all universal spring mounts, 
which can be adapted to filters or hoods of 
different diameters. The supplementary lens 
should be mounted in a small tube, which is 
either screwed into the inner thread of the lens 
hood or on to the outer mounting of the lens, or 
it can be simply slipped tightly over the barrel 
of the lens. 

For example, suppose that it is desired to 
photograph a subject at 1*50 m^ (5 ft) with a 
camera which is focused on infinity. It will then 
be sufficient to place a converging lens of 1-50 m 
(5 ft) focal length in front of the camera lens, 
that is a positive lens of 0*67 diopters. The 
subject will then be situated in the focal plane 
of such a supplementary lens. Rays of light 
coming from any point on the object to the 
magnifier are then transmitted from the latter 
and arrive on the camera lens as a beam of 
paralld light, i.e. in the form of rays coming 
from a very distant point.^ It will thus be seen 
that if a set of supplementary lenses with 
property chosen focal lengths is available, a 
fixed-focus camera can be used to photograph 
objects at all distances which are less than the 
minimum distance fixed by the limits of the 
camera. A point to remember is that each 
optical accessory increases .the amount of stray 

^ The optical calculationa in this chapter have been 
left in metres since tiie power of lenses commonly 
supplied in England as supplementaties is usually 
specified in diopters, the reciprocal of the focal Imgth 
in metres. 

* In practice, if a fixed-focus camera has the focus 
set on the hyperfocal distance instead of infinity, the 
object should be arranged slightly on the far side of the 
tow plane of the supplementary lens. 


light due to successive reflections from the glass 
surfaces. 

With a camera which has a focusing adjust- 
ment but has an extension that is too short to 
allow a very near object to be photographed, 
the use of suitably chosen supplementary lenses 
will further extend its scope. If, for example, 
the camera cannot be focused on a distance less 
than 2 m (6J ft) and it is desired to photograph 
an object placed at a distance of i'5om (5 ft), 
the camera should be set at 2 m and a supple- 
mentary lens fixed on the front of the camera 
lens. This magnifpng lens should have a power 
equal to the difference of the proximity 

(~ dist-ance ) object and the point on 

which the camera is focused, i.e. in this case 

j = 0-67 - 0-50 = 0-17 diopters 

This corresponds with a focal length of — L 
= 6 metres (19 J ft). 0*17 

With subsequent adjustment of the focus on 
a convenient distance, it is possible to use any 
magnifier whose focal length comes within the 
limit thus calculated and that corresponding to 
the use of the camera focused on infinity. 

Due regard must, however, be paid to the 
fact that the supplementary lenses usually 
employed are uncorrected, and their use with 
a camera lens introduces aberrations into the 
resulting image (chromatic, spherical, astig- 
matic, etc.), which are more pronounced the 
stronger the additional lens. For this reason, if 
there is a choice between two supplementary 
lenses of different focal lengths, it is advisable 
to choose the one of the greater focal length, and 
to focus the camera accordingly. 

Another fact must be taken into account, 
viz. that the focal length of the combination is 
smaller than that of the camera lens itself, so 
that the latter will have a larger effective aper- 
ture than that indicated by the marking on the 
diaphragm. For example, suppose that the' 
lens has a focal length of 15cm (bin.), and 
that a magnifier of i metre (3 ft) focal len^ is 
being used (67 and i diopters respectively), the 
78 
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resulting focal length will then be — = 13 cm. 

7*7 

(§ 70). Thus the effective aperture of each stop 
will be increased in the ratio of 13 to 15, that is, 
multiplied by 1-15, so that, taking into account 
the losses by reflection at two additional 
surfaces (about 10 per cent), the effective speed 
of the lens will be increased by about 20 per cent. 
When using a less powerful supplementary lens, 
the gain in speed would be considerably less, and 
the gain may easily disappear or be converted 
into a loss by the reduction of light due to 
surface reflections. Moreover, the increase in 


speed is generally illusory, for if the image is 
required as sharp as that obtained when the 
camera lens is used alone, it is necessary to use 
a smaller aperture. 

This reduction of the focal length also brings 
about, ipso facto, an increase in the depth of 
field, which at the same time is further increased 
since an incompletely corrected optical system 
has always a slightly greater depth of field (§ 85). 

Positive supplementary lenses, while useful for 
record work, have imfortunately been used for 
portraiture, and as if the majority of photo- 
graphers had not already a marked tendency 
to place their models too near the camera, the 
use of such supplementary lenses has been 
popularized under the name of ** portrait attach- 
merits*' It cannot be too strongly emphasized 
that a portrait taken at too close a range 
is not far removed from a caricature of the 


sitter. 


1 1 8. Tele-attachments. In the same way 
that the focal length can be reduced by using 
converging supplementary lenses, so it can be 
increased by the addition of a diverging lens 
(R. Viney, 1897). The use of such a lens is of 
great advantage in landscape or portrait photo- 
graphy when it is not possible to separate the 
lens components. The increase in focal length 
causes a reduction of the angle of view. The 
softening of the definition resulting from the 
aberrations of the uncorrected lens, and the 
greater homogeneity of the image in the various 
^anes, reduce what might be called, from an 
artistic point of view, the defects of a too well 
corrected lens. 


It is possible to calculate the approximate 
value of the focal length (within 5 per cent) 
by assuming the power of the combined system 
to be equal to the cMemnce between the powers 
of the camera lens ana the supplementary lens. 
If a lens of 15 cm (6 in.) foced length, or 6*7 
diopters, is coupled with a diverging lens of 


50 cm (20 in.) focal length, or 2 diopters, the 
power of the combination will be approximately 
47 ^opters, i.e. a focal length of about 21-5 cm 
(8J in.). In order to avoid excessive aberrations, 
and since an adjustment in focus is needed as 
when using an anachromatic lens, the power of 
the diverging attachment must not be as much 
as half that of the camera lens. If, on the other 
hand, a supplementary lens of very low power 
is employed, its effect is very nearly negligible. 
In practice, the focal length of a diverging lens 
attachment should not be more than double nor 
less than a quarter of the camera lens with 
which it is being used. 

Diverging meniscus lenses are to be preferred 
to cheap bi-concave spectacle lenses, and are used 
with the concave side towards the camera lens. 

119. Light-filters. The optical properties only 
of light filters will be considered here. Light 
filters consist of a coloured disc of plate 
glass with plane and parallel faces or of a sheet 
of coloured gelatine which is either used as such 
or cemented between thin, flawless plate glass, 
or thick optically worked pieces of glass. 

With the exception of the plain gelatine filters, 
which are too thin to modify the rays of light 
to any appreciable extent, any filter which is 
placed in front of or behind a camera lens alters 
the position of the sharp image, and introduces 
various aberrations into it. 

If a pencil of light is made to converge at a 
point P by some optical system (Fig. ii.i),and 
a thick sheet of glass L, or some other trans- 
parent material with plane and parallel faces 
is interposed, it is easy to show that the image 
is displaced from P to P', its distance from the 
optical system being increased. If the inclina- 
tion of the pencil is relatively small on the face 
of the sheet, the point P' is situated on the per- 
pendicular drawn through P in a direction 
common to the two effective facest of the plate 
(L), and, if the latter is of glass, the displacement 
PP* of the image is approximately equal to a 
thiref of the thickness of the filter. A plate of 
thickness / of a substance of which the refractive 
index is n, is equivalent, from the point of view 
of the passage of rays of l^ht, to a thickness of 
air equal to //n; the difference betwwn its 
actual thickness I and its effective thickness' 
Ifn, i.e. /(n— i), represents the displa.cem^t 
of the sharp image, measured in the direction 
of the propagation of light. The glass used in 
the construction of filters (crown or plate glass) 
has a refractive index of about 1*5 so that the 
displacement of the image is about //3. 


^-(0.3630) 
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If the filter is placed in such a way that the 
Optic axis of the lens is perpendicular to its 
face, this hemg the necessary condition for the 
whole to constitute a centred system, the efiect 
of the filtCT will be the same for every pencil 
of light. It will be sufficient to increase the 
distanoe between the plate and the lens by a 
third of the thickness of the filter, in order that 
everything may be in practically the same con- 
dition as before the introduction of the filter. 
If, on the contrary, the filter is not perpendicular 
to the lens axis, the difierences of obliquity of 
pencils of light equally inclined to the optic 
axis cause deformation of the image. This may 

P P' 



Fig. iz.i. Effbct of Light-filter on Focus 


not be very considerable, it is true, but it would 
be particularly noticeable in negatives which 
had been tak^ through a badly placed filter, 
and which were required to give exactly super- 
•imposaUe images (three-colour work). 

When the filter is placed between the subject 
and 4 lie lens, it is sufficient to consider the point 
P (fig. ii.i) as one of the points on the object, 
and it will be dear that, after passing through 
the filter, the ra3rs will seem to come from the 
vutnal pfEWt P, which »s nearer to the lens than 
Ms a^utd^ jlwifU on the object P*. Thus, the whole 
objed is brought virtually nearer the objective, 
and the amount of displacement is equal to 
about one-third of the thickness of the filter. 

The image is formed fartheir from the lens 
than before interposition of the filter. If a 
camera is focused on an object and the object is 
fsepioduced on a scale of x/w, the increau in* 
extSnsioa of the camera will be equal to the thick- 
ness of the filter divided by jin*, a displacement 
whidi is nqgligifale ^en for the thidxest screens, 
when thi 6 ol^ect being {diotogzaphed is not very 
near the lens. It is to show that the dis^ 

, itooement of the image in this case is strictly 


equal to //^3fn* + y )• second term in the 

denominator is negligible compared with the 
first if m is appreciably greater than unity 
(reduction) and if the thickness / is only a smaU 
fraction of the focal length /. 

In addition to the dii^cement of the image 
resulting from the interposition of a filter, the 
image is affected even if the filter is optically 
perfect ; these various aberrations, however, 
are fortimately small enough to have practically 
no disturbing effect. In the case of thick filters 
mounted in front of a wide-angle objective, the 
chromatic aberrations may become of con- 
siderable importance, especially if the object 
is to superimpose the negatives taken through 
variously coloured filters ; an appreciable 
barrel-shaped distortion is noticeable if the filter 
is between the lens and the image, while it is 
crescent-shaped if the filter is between the lens 
and the subject, slight curvature of the field 
occurring in both cases. For an equal thickness 
of filter, these aberrations are greater when the 
filter is on the same side of the lens as the nearer 


of the two conjugate planes. This is one of the 
reasons why filters are usually mounted in front 
of the lens for portrait or landkape photography. 

Cheap commercial filters are mounted be- 
tween ordinary plate glass, the faces of which 
are usually neither plane nor parallel, and if 
used instead of optically perfect filters it will 
mean that the image may suffer considerably 
in quality, especially when such filters are used 
with a lens of long focal length and relatively 
large aperture. When this is the case, plain 
gelatine screens are to be preferred to filters 
of mediocre quality. 

If the filter faces are parallel only one image 
is seen when looking at the reflection on the 
filter of distant objects, the line of vision being 
preferably glancing along the surface of the 
filter. If the faces are not parallel two separate 
reflected images will be seen. 

120, The Best Position for Mounting 
filters. A misconception which is frequently 
entertained is to suppose that the efficiency of a 
light-filter can vary according to its position 
in the beam of light. A filter always al^b$ 
a definite proportion of each incident radiatidn, 
whatever the intensity of the light or its area 
of aross-section at the point where the Ster is 
fdaced. For instance, if a Ujg^t-filter, used fieat 
the lens, cuts the b^m of mddent fight si k 
cross-section twenty times less then wwild 
filter placed in contact with the smithre fillies 
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and if the quantity of light incident on the filter 
is therefore twenty times greater, from each of 
these radiations which pass through it, it will 
absorb a (quantity twenty times greater per 
square centimetre. However, the total quantity 
of the whole beam of light absorbed will be the 
same, and the selective effect will be exactly 
the same. 

A light-filter may be placed (a) between the 
source of light and the object to be photographed; 
(b) between the object and the lens of the 
camera, and in this case it is usually mounted 
on the lens ; (c) between the components of the 
camera lens ; (d) between the lens and the sen- 
sitive plate, adjacent to the lens ; {e) in front of 
the sensitive plate, almost in contact with it. 

Position (a), generally used in micrography, 
has sometimes been used for the three-colour 
reproduction of colour transparencies. But it is 
difficult to imagine a studio with all the lights 
entirely covered by light-filters. 

Position (c) should be rejected on principle, 
except when using gelatine screens of negligible 
thickness, which can be placed against the iris 
diaphragm after unscrewing one of the com- 
ponents of the objective. Every filter of appre- 
ciable thickness, being equivalent to two-thirds 
of its thickness of air, would produce very nearly 
the same effect as if the separation of the com- 
ponents of the lens had been reduced by a 
third of the thickness of the filter. This would 
seriously interfere with the definition unless 
the filter formed an integral part of the lens 
and was placed in position, with due regard to 
its effect, by the lens designer. 

The fact that a filter, when used close to the 
sensitive plate, can 1^ of mediocre optical 
quality Without disadvantage has been put 
forward in favour of position (e). Unfortunatdy, 
any local defect in such a screen majiifests itself 
on the image as a spot. Further, a focal- 
plane filter'* of indifferent quality is at least 
as expensive and immeasurably less workable 
than a "lens filter" of satisfactory quality, or, 
better still, a plain gelatine screen. 

Usually the only two positions which must be 
constda^ are, therefore, those in front of (b) 
or behind j(<f) the lens of the camem. 

In the circtunstances usually occurring in 
practice, a filter placed in front of the lens does 
hot al^ ttie foct^, which is a very appreciable 
advantage in the cas^ of 9 amaras with which 
the, iocuring is done on a gpduated scale. 
On idl other cameras ibis position of the filter 
leods ita^ mott readiy ,to taking on and oH 


with the minimum of trouble. The filter can 
either be mounted in a ring, which is fitted over 
the lens like a cap, or provided with threads 
which allow it to be screwed into the lens 
hood. In short, in all cases where the object 
to be photographed is more than twice the focal 
length distant from the objective, the filter in 
front of the lens, in the case of thick filters, is 
least likely to introduce disturbing aberrations 
into the image. In commercial photographic 
work which calls for the use of a set of several 
light-filters, instead of fitting each filter in a 
separate metal mount, an adaptor is placed in 
front of or behind the lens of the camera, into 
which any filter can be fixed by means of a 
movable holder. If the lens is fitted with Water- 
house stops it should be possible to introduce 
into the opening for the stops a gelatine filter 
which has been slipped between two thicknesses 
of thin black card, forming a diaphragm. 

I2I. Care of Light-fUters. When not in use, 
all light-filters should be protected from the 
action of light, since the dyes with which they 
are made are sometimes affected by its pro- 
longed action, and changes in their spectral 
absorption power may be caused in time. 

When cleaning filters cemented between plate 
glass, the same precautions should be observed 
as when cleaning photographic lenses. Water 
should never be allowed to come into contact 
with the edges, since any wetting of the gelatkie 
film would cause the latter to swell and might 
cause deformation of the filter and separation 
of the glasses. 

Plain gelatine filters should never be handled 
except by their edges or between fine tissue 
paper ; any contact with the fingers invariably 
leaves fingermarks which cannot be removed 
and whi(^ seriously impair the definition. 
After being cut out, gelatine filters can be pro- 
tected by dipping in a celluloid varnish. The 
filter should be held by a con^r or by a point at 
the cii^ular edge. After draining it should be 
put to dry. The operation must then be re- 
peated, the filter being held by the opposite 
comer or by the point at the edge opposite to the 
first one. These screens must be protected fnom 
heat and damp, and when not in use should be t 
kept between the leaves of a small notebook of^ 
white ^per. When it is deskired to cut out a 
drcle of gelatine filter for fitting into a lens^ 
breakage a£ the film can bqst ht avoided by 
cutting it out between two pieces of strong 
one of wiiich has the drdetohe cat oat maned 
on it. As getetiiy screena co ^a aali y andeig) 
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expansions and contractions according 
to the humidity, they should never be fitted 
into any kind of rigid frame. Lastly, gelatine 
filters should never be kept between plate glass 
unless suitably cemented on both sides, e.g. 
Canada balsam (solution in xylene). In this way 
multiplicity of reflecting surfaces and risks of 
tearing the gelatine will be avoided. 

122. Polarizers. In normal light radiation, 
the light waves vibrate in all directions, perpen- 
dicular to the direction of prop^ation (§2). 
Various conditions can polarize light, that is, 
preserve only the vibrations parallel to a given 
plane, called the p^ane of polarization. For 
instance, the light diffused by a blue sky is 
polarized, and the clearer the sky the more 
complete the polarization. Light reflected from 
a non-metallic surface is polarized, the polariza- 
tion being complete when the reflected rays 
are perpendicular to the refracted ones (reflec- 
tion under an angle of 35® with the reflecting 
surface in the cases of glasses with a refractive 
index of 1*5). If the surface is transparent the 
refracted light is partly polarized, and it is then 
possible to decrease the proportion of non- 
polarized light by causing the light to pass 
through several thin plates in a stack. The light 
that has passed at the appropriate angle through 
a suitable assembly of double-refracting colour- 
less crystals (Nicol or Glazebrook prisms, made 
of Icehuid spar) is totally polarized. Light that 
has passed a double-reflecting crystalline dichroic 
plate (Tourmaline, Herapathite or quinine 
lodosulphate) or a film holding in suspension a 
multitude of double-refracting, dichroic, ultra- 
microscopic crystalline needles similarly orien- 
tated (lutebcobaltic periodosulphate ; £. H. 
Land, 1934) is, at least in a spectral interval 
Gomprismg the great majority of visible rays, 
formed mainly of polarized light. In recent 
years, polj||izing foils, which have the advantage 
of not sdafteiing any light, are prepared from 
stretched oeUuloUc materials. 

Polarized light remains polarized after reflec- 
tion from a polished surface, but it is de-polarized 
by diffusion on a mat surface or by pas»ng 
t^ugh a ground glass. 

, If two- polarizers atre placed one behind the 
other, the light polarized by the first passes freely 
through the second if the planes of polarization 
are parallel. It is totally extinguished if these 
planes are mutually perpendicul^, and partially 
extinguished in ah the intermediate positions, 
aini to an increasing extent as the angle between 
, the two planes approximates to a ri^t angle. 


At first, the prohibitive cost and very narrow 
angle of field of effective polarizers restricted the 
use of polarized light in photographic practice. 
With the introduction of the polarizing screens, 
such as the Polaroid, the Eastman Pola Screens, 
Zeiss Herotar Screens and 3 lerte*s Polarization 
Plates, which can be obtained in fairly large 
sizes, and uith reasonable efficiency in the visible 
spectrum, numerous applications have been 
made possible. 

The fact that these polarizers extinguish all 
components of vibration other than those 
orientated in the plane of polarization would, 
in the case of colourless polarizers, cause the 
exposure to be doubled. However, most 
polarizing screens used in photography have a 
certain density and may have a colour from grey 
to brown and so these factors contribute to the 
need for a still greater exposure time. 

For some purposes it is only necessary to use 
one polarizer, mounted on the lens. Others re- 
quire at least two polarizers, one on the lens 
and one in front of each of the sources of light 
illuminating the subject. 

By using one polarizer it is possible to decrease 
the luminosity of a blue sky without modifying 
the brilliance of other parts of the subject, and 
to decrease very considerably reflections on all 
brilliant non-metallic surfaces (glassware, water, 
earthenware, lacquered metal and other var- 
nished objects). This is done by directing the 
axis of the lens at an angle of about 35° to the 
surface to be photographed. Thus, objects 
behind a transparent surface will be clearly 
seen (Figs. 11.2A and ii- 2B), or the actual 
texture of the subject will become apparent. 
The correct orientation of the polarizer must be 
found by examining the image on the ground 
glass screen of the camera while rotating the 
polarizer in its own plane. 

If a number of objects are illuminated by 
polarized light and photographed through 
another polarizer, reflections from all brilliant 
surfaces (including metals) can be decreased, 
whatever the values of the angles between the 
surfaces of the objects and the camera. These 
reflections can even be totally extinguished if 
the planes of polarization are crossed; this 
orientation is especiaUy adopted for the photo- 
graphy of varnished paintings or of all documents 
under glass. 

This same orientation permits the contrasts to 
beincreased toa higherdegree in the photography 
of documents on mat or granular paper tlxan 
that of a glazed print as the structure of the 
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paper is dimiiutted owing to the extinction of 
all light reflected by the rough surface. On the 
other hand it is posable to exaggerate these 
'reflections if the polarization planes are parallel, 
the depolarized light diffukd by the non- 
reflecting surfaces being then reduced in the 
proportion 2 : i relatively to the polarized light 
of the reflections. 

xas. Prisms and Mirrors. We will consider 
here only the inaccurately named total-reflec- 
tion prisms and the mirrors (at an angle of 45°) 
as u^ in commercial photography. They are 
employed either for obtaining a picture the 
right way round direct (with certain methods of 
printing, reversed pictures would otherwise be 
obtained), or for the photography of ceilings, 
articles arranged on a horizontal table (jewels, 
natural history specimens), and, more particu- 
lar, for imniersed objects. 

Tm ideal reflector is a metal mirror, but 
unfortunately such articles are very costly; 
in their place, optically worked glass mirrors, 
which are silvered on the surface, may be em- 
pbyed, it being possible to protect the silver, to a 
certain extent, by a very thin coat of celluloid 
varnish. Ordinary mirrors which are silvered 
on the back give rise to double images, except 
those of very distant objects. The silvering on 
an unvarnished mirror will not adhere to the 
glass when damp. For periodical cleaning and 
re-polishing care should be taken to dry the 
mirror, the cloth, and the polishing rouge 
(optical quality) by warming. A more robust 
mirror is obtained by aluminizing or rhodium- 
izing the glass surface instead of the silvering. 

A mirror has the following advantages over 
a prisfii : it absorbs less light ; does not cause 
the slightest aberration, and does not limit the 
angle of view. On the other hand, a mirror 
possesses the disadvantage of greater fragility 
in so far ^ the reflecting surface is more easily 
damaged. 

The one 'advantage of a prism is the perfect 
stability of the ^vering, which is applied 
externally on the hypotenuse (and which ex- 
cludes all possibility of total reflection) without 
ride of any doubM image. .Prisms, however, 
do not permit of an aCngle of fleld greater than 
about 30^ being used without other reflections 
creqnng in. Ine definition is often slightly 
inferior at the margins of the field from ^Serra- 
tions, vdiich are the same as for acubeof glass 
with the side equal to the length of one ride of 
the prism. 

Both prisms and mirrors are best mounted 


in front of the camera lens, the mounting being 
on a small board which is interchangeable with 
the lens board. The reflecting surface should be 
turned to make an angle of 45** with the optical 
axis of the lens, in such a plane that, after 
reflection, the optic axis is either horizontal 
or vertical, according to the work in hand. This 
adjustment is only possible after repeated trials 
with the reflector mounted between the lens 
and the object to be photographed. In some 
coin-operated automatic photographic machines 
breaking the optic axis at a right angle is 
avoided by placing the hypotenuse face of the 
prism parallel to the optic axis (Amici mount- 
ing) ; the angle of fleld is then still less extensive 
than in a normal mounting. Ordinary mirrors 
have occasionally been used, in the ab^nce of a 
wide-angle lens, for the photography of interiors. 
In this way the effective optical chstance between 
the object and the camera can be doubled, but 
in the case of brightly illuminated or reflecting 
objects the definition usually suffers from 
doubling of the lines, etc. Surface-silvered 
mirrors have also been used in the construction 
of cameras which are designed to accommodate 
lenses of great focal length, so reducing the bulk 
of such cameras. In such cases, the part played 
by the mirrors may be compared with that of 
the prisms in prismatic binoculars for long- 
distance observation. 

124. Lens Hoo^. Any light reflected in the 
lens (§ 60) or which is scattered in the camera 
^d distributed more or less uniformly over the 
image necessarily lessens the contrast and tends 
to veil the shadow detail. Scattering of appreci- 
able quantities of light can usually be traced to 
two causes. 

In the first place, small defects in the polish 
of the lenses and moisture or dust on their 
surfaces uniformly diffuse a certain proportion 
of the light which should go towards the 
formation of the image. Moreover, if the sun. 
though not necessarily included in the angle of 
view, is shining on the front of thd lens, any 
defects on the surface of this lens (or on any 
accessory such as a supplementary lens or 
colour filter which is placed in front of the Ims) 
will cause a considerable q^tity of light to 
' difluse into the camera. The same dtect is 
produced, although to a sma^er extent, whem- 
ever a jdioto^aph is taken in the open air, since 
the lens receives light from all parts of the sky, 
apart from that in the angle of view. 

In the second p^e, the image produced by^a 
lens (§ 57) is considerably greater than the area 
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that is sharply in focus and in fact very much 
larger than the area utilized. Any rays of light 
outside the useful field strike the interior walls 
of the camera, and these latter, even if mat 
black, always scatter an appreciable fraction 
towards the photographic material. From this 
point of view, the pleated bellows used on the 
majority of focusing cameras are certainly 
better than those of soft stretched leather. The 
only really efficient means of protection, which 
IS very difficult to apply to folding cameras and 
cameras which are fitted with lens movements 



Fig. 11.3. Action of 
Lbns Hood 



Fig. II. 4 Cone 
Pattern of 
Lens Hood 


(rising or cross fronts), consists in placing a 
series of diaphragms of progressively increasing 
aperture between the lens and the plate, such as 
those fixed in cameras for aerial photography 
which are fitted with very long-focus lenses, of 
which only a small fraction of the field is used. 

A lens Ifiood is used to eliminate, or at least 
to diminish, the various causes of the incidence 
of stray light on the plate or film, by protecting 
the surface of the lens from light coming from 
above and by intercepting as far as possible 
any light that the lens would transmit to the 
sides of the camera. The use of this accessory 
is necessary for all out-door photc^aphy, 
especially for photographs taken against t^ 
light, and it is also of considerable advantage 
when working in a studio with walls having a 
high refleotiv^. 

It dKndd be pointed out that of two lens 
hoods, eadh shadmg the lens to on equal extent, 
the one farther from the lens will be the more 
effident from ^ p6int of view of protection 
fnnn the sun. Thus, in Fig. ir.3, the two 
opaque screens iiB and CZ> both shidd the lens 
f^ ^e ray R, but only AB^ that is, the one 
faxidbcr from the optk axis, entkely protects 
the hunt lens tom to dh»ct rays of the sun hi 


the direction S. It has been stated (C. Puyo, 
1906) that for a lens hood to be effective in all 
cases, i.e. to protect the lens from the sun, 
whatever its position outside the angle of view, 
the lens hood should be extended to infinity 
along the boimding line R, a condition which is 
obviously impracticable. However, the farther 
the lens hood is placed from the optic axis, the 
more efficient it will be, and will remain effective 
as the sun approaches the limiting line R. 

One of the best lens hoods would undoubtedly 
be a shade such as AB, hinged at A as high as 
possible, in such a way that the edge B can be 
raised or lowered to the limit of the field desired 
(B. T. J. Glover, 1920). Light from the sides 
is shielded by two small flexible curtains shown 
by dotted lines in Fig. 11.3. In practice, one is 
usually confined to fitting on to the lens either 
a lens' hood, represent^ in section by an 
obliquely truncated cone (Fig 1 1.4), or a cylin- 
drical tube with the end cut obliquely, which 
is slipped on to the lens. The following methods 
of making such a tube are suggested: Black 
felt (taken from an old hat) fastened round the 
lens with press-fasteners ; leather-cloth, kept in 
place with a strong rubber band ; narrow strips 
of wood glued on to a sleeve of black linen in 
the manner of the cover of a roll-top desk. As 
made on any of these lines, a lens hood can be 
folded flat when not in use. Before making a 
lens hood of any sort, it is best to make sevwal 
trials with stout paper, so as to be certain that 
the lens hood does not cut the angle of view. 

If the lens hood is made with a rectangular 
aperture parallel to the sensitive plate, the 
dimensions of the opening can be calculated from 
the formulae 

l=d+L^ h=d+H^ 

where I and h represent the length ^d height of 
the opening, L and H, the corre^nding 
d»iension& of the sensitive plate, d the diameter 
of thS effective aperture, E the extension of the 
camera, and D the distance between the rec- 
tangular opening and the optical centre of the 
lens (or the diaphragm approximately). If the 
lens is raised by the amount e, the hood must be 
raised in the same direction by the amount'' 

« (i 4- both being measured tom the centre 

of the image area. 

On studio cameras to lens hood is usually 
formed by a piece of bladt doth, supported in 
tout of the camera by a metal 
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frame; or the hood may take the form of a 
bellows connecting the lens front with an open- 
front frame, as. used for the reproduction of 
' transparencies. 

125. Sky Shades. Landscape photography is 
^plihed if the brilliancy of the sky and dis- 
tance can be somewhat reduced without dimin- 
ishing the intensity of the image of the ground 
or foreground. The desired e&ct can usually 
be obtained by the use of a yellow filter in 
conjunction with an orthochromatic or pan- 
chromatic emulsion. There are also other 
methods to lessen the contrast between the sky 
and the foreground, t r to supplement the use of 
the filter and a colour sensitized emulsion. 

The most usual form of commercial sky shade 
is that suggested by E. Joly in 1892, and con- 
sists of a uniformly graded filter of gelatine 
or glass, usually of a yellow colour. Such sky 
filters are made in the shape of a long rectangle, 
which is carried in a mount, allowing it to be 
raised or lowered according to the effect desired. 
The filter should be wide enough to cover the 
lens when placed at a short distance from it. 
The farther these screens are placed from the 
lens, the greater is their effect. In the extreme 
position, i.e. if they could be placed in the plane 
of the diaphragm, their only effect would be a 
uniform absorption of a certain proportion of 
the light without any difference between the sky 
and the rest of the picture. The effect of a filter 
such as j 4 B depends upon its differential absorb- 
ing capacity, which becomes greater as the 
aperture of the lens is reduced and the distance 
between the lens and the screen is increased 
(Fig. 1 1. 5). The same results would obviously 
be obtain^ by placing a screen inside the camera 
(in the position shown by A'B'), but it is then 
difficult to adjust to its best position. In practice 
equivalent results can be obtained by the use of 
a sky filter, one half of which is uniformly 
coloured and the rest plain, the only condition 
being that it must be used slightly nearer the 
lens, such as the position CD, Such an arrange- 
ment even allows the exposure to be shortened 
especially when using an emulsion which is only 
sensitive. . 

Opaque or neutral grey sky shades and polari- 
zers (§122) are the only ones suitable for 


decreasing the brilliancy of the sky in colour 
photography. 

It should be pointed out that in many cases 
the moderate use of these accessories distinctly 
improves the rendering of skies ; any e^gera- 
tion of the effect should be avoided, since the 
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sky takes on an unnatural aspect, suggesting 
that its colour near the zenith is a deep indigo. 
Such photographs of clouds can have no value 
whatever as meteorological records. 

126. Soft-focus Attachments. In passing, 
mention may be made of devices, which, when 
used with a perfectly corrected lens, introduce 
slight softening of the definition without alter- 
ing the focal length or the position of the image. 

In particular, the use of a piece of glass with 
plane and parallel faces, one of which is slightly 
grooved in concentric circles has been suggested 
(Lenhard, 1890; C. W. Frederick, 1921). 
These grooves superimpose a blurred image on 
to the sharp image transmitted through their 
interstices. Attachments of this type are 
readily available under such names as Duto, 
and Modulo. If the grooves occur only on the 
extreme margins of the glass, the closing of the 
diaphragm will sharpen the definition, since 
only the central plane-parallel portion of the 
glass is used. 

The use has also been suggested of a kind of 
comb with long triangular teeth cut from colour- 
less embossed celluloid (Misonne, 1932) arranged 
to slide so as to cover at will a more or less 
extensive portion of each bundle of rays, or of 
a plate with plane and parallel faces which is 
constructed by assemblii^ two lenses, a plano- 
convex and a plano-concave, of glasses of about 
the same refractivity but widely different dis- 
persive powers, thus introducing chromatic 
aberrations into the picture. 


CHAPTER XII 
SHUTTERS 


127. In the earliest days of photography the 
word “shutter” was used to signify the cap of a 
lens, and more recently, various arrangements 
(flaps, etc.) worked directly by hand. Now, 
however, it describes any mechanism which 
allows light to pass through an aperture for a 
certain definite time, which is usually known as 
the shutter speed. Except for some special 
applications, the latter type of shutter 
was unnecessary until very sensitive 
photographic emulsions and large- 
aperture camera lenses became avail- 
able, as the exposures needed to give 
good images were of the order of 
several seconds. 

The modern types of shutters can 
be divided into two groups. In the 
everset shutters the power needed for Fic. 12.1 
operation is obtained during the 
operation from air compressed by squeezing 
a rubber bulb, or by the pressure of a finger on 
the trigger. In order to obtain higher shutter 
speeds the shutter must be controlled by more 
powerful closing springs, which have to be set 
before each exposure ; these shutters constitute 
the second type, often described as preset. 

128. Different Positions for the Shutter. If we 
consider the beam of light (see Fig. 12.1), which 
forms an image in the plane PP after passing 
through a lens, we can see that the cross-section 
of the beam as a whole is smallest in the plane 
DD (which is the position of the diaphragm), 
but that each pencil of rays has its minimum 
section in the image plane. 

As the velocity of the moving parts of a 
shutter is limited by their having to start from 
rest, and stop as soon as the limit of their travel 
is reached (excepting some sp^ial types of 
shutter for aerial photography), it is obviously 
important to place the shutter where the beam 
has its smallest cross-section. For very short 
exposures this is best done by uncovering the 
different pencils of vdys where they have the 
least section by placing as near as possible to the 
in^e plane an opaque blind pierc^ by a narrow 
slit, wmch can sweep over the whole surface 6! 
the imagei as indicated by (z) in Fig. Z2.i. 

In consider^ such a focal-plane shutter we 
must distmguish between the mective exposure 


time, which is the time for which each pencil of 
rays is allowed to fall on the film, and tlie total 
time of travel, which is the time taken for the slit 
to travel across the whole image. The relative 
positions of the camera and subject may change 
during the total time of travel, and if this 
happens, different parts of the image will not 
correspond to the same phase of the movement. 

,\P 


The distortions then introduced are usually 
negligible except in the case of extremely rapid 
motions of the subject or the camera. It is 
possible that the image will be sharp although 
distorted, owing to the ^eat difference between 
the effective exposure time and the total time 
of travel. In this case though, none of the other 
usual types of shutter will give a sharp image, as 
their effective exposure time cannot be suffi- 
ciently short. A recent (1949) exception to this 
general statement is the Symetro-Rapid 800 
shutter which, although placed close to the 
diaphragm, has a maximum speed of 1/800 sec. 

For larger exposures it is better to allow all 
the pencils of rays to reach the image plane 
simultaneously and to do this the shutter is 
placed as close to the diaphragm as possible, 
as^^shown by (3) in Fig. 12.1. This allows the 
shutfhr to most compact. As all the film 
is exposed at the same time, a sharp im^e will 
not be distorted, and the exposure received by 
each part of the film will be roughly proportion^ 
to the intensity of illumination at that point in 
the absence of the shutter. 

For reasons of convenience (such as the easy 
adaption of shutters to any lens or camera 
without the necessity for special fitting, and 
great flexibihty in the choice of shutters, lensen, 
and camera^ the shutter is sometimes placed in 
positions ot^ than those luantioned; it can 
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be bdiind or in front of the lens as shown by (2) 
and (4) in Fig. 12.Z. In these positions the shut- 
ter has the disadvantage of both the focal-plane 
and diaf^ragm types. The various parts of the 
film are not exposed simultaneously, and the 
possibility of distortion is introduced (this effect 
is not so pronounced as with the focal-plane 
shutter). There is also considerable risk of 
uneven exposure (this is sometimes done pur- 
posely in landscape photography to decrease 
the exposure of the sky). 

Since the size of the shutter opening must be 
considerably greater than the diaphragm, 
especially when the aiigle of view is large and the 
shutter is same distance from the lens, the 
exposure time for a given velocity of the moving 
parts will be greater. In particular the times of 
opening and closing, during which the shutter 


129. Efifidenqr of a Shutter. Except in the 
case of a shutter working in the plane of the 
image, a shutter always takes a certain time to 
reach its maximum aperture, after which it 
remains fully open until it begins to close again. 
Theclosingalsooccupiesanappreciabletiine. This 
is shown in Fig. 12.2 which is traced from a 
cinematograph film and depicts the complete 
action of a diaphragm shutter (P. G. Nutting, 
1916). The exposure time of the images is 
1/30,000 sec, and the interval between two 
successive images is 1/1,000 sec. When the 
shutter is set for an exposure of i/ioosec it 
takes about 4/1,000 sec to open; it remains 
fully open for another 4/1,000 sec, and takes a 
further 3/1,000 sec to close, making a total time 
of opening of about 11/1,000 sec. 

If a moving object is brightly illuminated, it 


Fig. 12.2. Opening and Closing of Diaphragm Shutter 


is only partially open, become of considerable 
importance, affecting the efficiency of the shutter 
and the sharpness of the image (§ 129). A 
shutter of this type should not open from the 
centre, since, while it is partially open, it cuts 
off the more oblique rays although allowing 
the majority of those only slightly inclined to 
the axis to pass through, thus exaggerating the 
differences of illumination between the centre 
and edges of the image (§56). If, however, 
the Gutter opens from one side and closes at 
the other (e.g. by the movement of an opaque 
screen with a rectangular aperture) the image at 
the beginning and end of the exposure will be 
formed only by rays passing near the edge of 
the diapiiram. Since the rays passing near the 
edges of a lens are those having the greatest 
aberrations, the sharpness of the im^e will be 
reduced if the time of partial opening of the 
Gutter is an appreciable fraction of the total 
time of opening. 

Fortuiiatdy, the various problems are only 
of importance when the shutter is at a con- 
siderable distance from the lens or the exposure 
time required is diort. Some of these diutters, 
whidi work quite close to the lens, give satis- 
factory FBsnlts when the exposure time is not 
kss tiian 1/25 sec*.: they are thus quite suitable 
lor portnit or landscape i^tography. 


can act on the photographic emulsion during 
almost all the total time of opening — say during 
i/ioosec. But the exposure received by the 
film will not be equivalent to i/ioo sec ex- 
posure, owing to the appreciable time during 
which the shutter is partially open. In this case 
the effective exposure time is only about 
7/1,000 sec. Thus in photographing a moving 
object, the disadvantage of an exposure of 
i/ioo sec as regards blurring of the image is 
not fully compensated by tii« ability of an ex- 
posure of this duration to record shadow details. 

By a simple method we can determine 
sufficiently accurately the amount of light trans- 
mitted by a shutter during its operation relative 
to that which would be transmitted during the 
same time if it were fully open. We trace on a 
piece of card of uniform thiclaiess the aperture 
of the shutter (on a suitable scale) at equal 
intervals during its operation. The shapes w^h 
are obtained (see Fig. 12.2) are then cut out 
and weighed together. The weight of each 
shape is proportional to its area and thus to 
the light transmitted. Thus the total weight 
represents the total amount of light transmuted 
by the shutter (approximatdy). If we weiigh 
a tingle piece representing full aperture, ahd 
multiply its weight by the total number^ of 
pieces, we have a measure of the amount of 
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light which wotild have been passed if the shutter 
had been folly open for its total time of opening. 
Thus, suppose it were found that the eleven pieces 
together weighed 4-66 g and the single one 071 g, 
the fraction 4*66/(071 x ii) = o*6 is a measure 
of the amount of light passing through the 
shutter, taking as imity the amount transmitted 
by the fully open shutter in the same time. 

This quantity is known as the efficiency of a 
shutter, and is the ratio of the amount of light 
transmitted at the shutter speed under con- 
sideration to that which would have been 
transmitted if the shutter had been fully open 
for the same time. Another way of expressing 
it is to say that it is the ratio between theeffective 
exposure time and the total time of opening. 
It is often expressed as 60 per cent rather than 
as 0*6. As the exposure time is generally 
limited by the necessity of recording moving 
objects included in the held, and is often only 
just sufficient to obtain a photograph in correct 
tone values, a shutter should be considered more 
nearly perfect the nearer its efficiency approaches 
unity, other conditions (e.g. shutter speed) 
being the same. 

It should be noted that the efficiency of a 
shutter varies with both the exposure time and 
the dimensions of the effective aperture. With 
some shutters, operating at their shortest 
exposures, the blades begin to close as soon as 
they are fuUy open, and the full aperture is only 
used momentarily. On the other hand, at 
relatively long exposure times the times taken 
by the shutter blades in opening and closing are 
substantially the same as in very short exposures, 
the difference in time being almost entirely due 
to the increased period at full aperture. When 
the diameter of the diaphragm is reduced, the 
new full aperture is completely uncovered before 
the shutter blades have finished opening, and 
similarly the shutter blades have to dose a 
certain amount before they begin to reduce the 
aperture. Thus, even if the shutter begins to 
dose again as soon as it is fully open, the 
complete aperture has been used for a certain 
definite 4ttne. Thus it can be seen that except 
in thui case of a shutter working in the image 
plane (for Which the efficiency is unity), the 
efficiency of a shutter increases with the ex- 
posure time and with reduction of the working 
aperture of the Jens. It can be seen that a 
gutter is best charademed by its minimuni 
effideney, since the efficiency is of most impor- 
tance exposures axe short and are 

tiimlbre 


130. Desirable Characteristics of a knitter. 
These are rather numerous, and are rarely 
found combined in a single shutter. 

A shutter should act the moment it is released, 
^th no appreciable lag ; it should work with as 
little vibration as possible to avoid camera 
shake, and it should not bounce on dosing 
(which might give a second image of the bright 
parts of the subject). For portraiture silent 
operation is advantageous. It should not limit 
the field even when the lens is considerably 
off-centre, nor limit its effective aperture. It 
should work equally well in different positions ; 
it should be light, compact, and strong, and it 
is desirable that regulation of the exposure time 
can be effected after the shutter has been set 
without risk of upsetting the mechanism. Its 
efficiency should be as great as possible. It must 
not open during setting if it is to be used on a 
camera in which the sensitive surface is normally 
otherwise uncovered. Lastly, it should give a 
reasonable range of exposures which are 
correctly calibrated and consistent. 

Most serious errors are caused by failure to 
fulfil the last condition. A shutter cannot be 
expected to give consistent exposures over a 
period of years, for even although not in use it 
is impossible to prevent the steel of the springs 
changing slightly. For this reason springs 
should not be left stretched longer than neces- 
sary, and the shutter should not be kept set in 
the intervals between use. But over shorter 
periods (months) the exposure time should be 
the same at the same setting, especially when the 
shutter is used several times in succession. 
Inconsistency is particularly common in shutters 
in which the regidation of exposure is done by a 
friction brake, the effect of which is very 
variable with the temperature and humidity of 
the air. Grease should never be applied to the 
brakes (or to any other part of a shutter). 
Regulation by means of air brake gives sufficient 
copsistqncy, however, provide4 the conlpression 
cyhntier is not worn or clogged with dust. 

The calibration of the different settings of a 
Gutter is often far from the truth. In general 
(for shorter exposures) the true time of expowe 
is greater than the indicated value. This, bow- , 
ever, may be purposely arranged to allow for the^ 
fact that amateurs tend to under-expose rather 
than the reverse. In other eases there is ho 
lamp ift relationship betWM the times given kad 
the real ones, ana with some cheap shutters the 
indicated tunes of x/50 and f/ipo are all actually 
the same as the i/is, wbi|p scnnetimes the 
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exposures indicated as the shortest are actually 
the longest. Another fault sometimes found in 
shutters which are calibrated reasonably accur- 
ately (some tolerance is obviously necessary 
when the shutters are first calibrated), is inac- 
curacy in the neighbourhood of 1/25 sec, where 



Fig 12.3. Tub Fig. 12.4. Rotary Shutter 
Simple Drop 
Shutter 


variations of exposure may be relatively large 
for small variations in adjustment. 

The calibration of shutters is susceptible to 
temperature changes owing to unequal expan- 
sion of the various metals used in construction, 
and variations in elasticity of the springs. 

A given range of exposure times is best 
covered, in the smallest number of different 
exposures, by a series in geometrical progression, 
each exposure being preferably double the 
preceding one. 

Exposures longer than one second are not 
usually made automatically largely because, 
for focuamg, the shutter has to be kept open for 
an indeterminate time. Usually the coupling 
of the mechanism is changed by an external 
control and the operation of the shutter becomes 
discontinuous, the shutter being opened by the 
first pressure on the release and closed by the 
next. This mode of operation is known as a 
time exposure. Another method opens the 
Gutter as the release is pressed and closes it as 
soon as the pressure is removed ; this is a Mb 
exposure. On many shutters the positions of 
tte index corresponding to the two methods of 
working are indicated by the letters B and T, 
the first letters of the appropriate words, and 
on German shutters by 0 (offen, open) and Z 


(Zeit, time). On other simple shutters not 
allowing bulb exposures, the letters T and I are 
used, standing for time and instantaneous, the 
latter denoting an exposure shorter than ^ sec. 
On German shutters the letters Z and M are 
used, the latter standing for Moment. 

131. Summarized De^ption of Some Types 
of Shutter. There are far too many existing 
types of shutters for convenient description, but 
the chief features of some characteristic types 
chosen from those commonly used and their 
predecessors will bg indicated. As far as 
possible the descriptions are in historical order, 
so that the reader may be able to follow readily 
the evolution of shutters and compare it with 
that of photographic technique. 

132. Simple Drop Shutters, or Guillotine. 
The simple guillotine, or drop shutter, consists of 
an opaque screen, with a cut-out portion at least 
equal in size to the aperture to be uncovered 
running in guides and either falling under its 
own weight or pulled by springs (see Fig. 12.3). 
Such an arrangement was used in 1845 by 
Fizeau and Foucault for photographing the sun, 
but it was not generally employed until the 
introduction of the wet collodion process in 
1855. It then appeared as a clumsy arrange- 
ment fitted to the lens hood, the speed of falling 
being controlled by the slope of its frame. 
Later it was used as a metal plate passing 
between the elements of the lens and helped by 
an elastic band (Jamin, 1862). 

Before this, however, in 1858, the rectangular 
guillotine shutters had been replaced by a 
circular one (Fig. 12.4), which was much less 
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Fig. 12.5. Efficiency of Drop Shutters 


clumsy. The old movement in a straight line 
was replaced by rotational movement about an 
axis close to the aperture, which was either in 
front of the lens hood or close to the diaphragm. 
The screen can be an opaque sector makuig a 
complete revolution each time. 

The opening was originally a circle of the same 
diameter as the aperture to be uncovered, but 
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in 1880 Joubin showed it to be better to have 
an opening of which the opening and closing 
edges were straight. The efficiency of this type 
of shutter for openings of different shapes was 
studied by J. Demarcay (1891), and his results 
are given below. 

Consider guillotine shutters with a rectilinear 
movement and with openings of one of the forms 
A,B,ovC (Fig. 12.5), the height of the opening 
being a and the width d (the diameter of the 
aperture). The efficiency is given in the following 
table, assuming the shutter to be in the plane 
of the diaphragm and its movements uniform. 


Relation between 
a and d 

Form of opening 

A 

B 

C 

a = d 

0-50 

0-42 

0‘57 

a ^ 2d 

0*66 

0-62 

071 

a = 3d 

0-75 

071 

078 

a = 4d 

o-8o 

0-77 

083 


n 

fi - 015 

n 4- 014 

a = tid 

n 4 I 

n -f I 

n + I 


The opening with convex ends (c) has the 
greatest efficiency, but gives predominance to 
rays from the edges of the lens ; the rectangular 
opening is preferable. Considering the latter 
case, the effect of the length of the opening on 
the efficiency can be easily determined. In Fig. 
12.6, distances along the line AD are pro- 



Fig. 12.6. Efficiency, and Length of Shutter 
Aperture 

portionai to the time from the instant the 
shutter begins to open, and distances along AB 
are proportional to the area of the aperture 
uncovered. Curve AGH corresponds with the 
opening period and JKD with the closing 
period, whilst the line HJ represents the time 
during which the shutter is fully open. The 
efficiency is the ratio of the total shaded areas 
to that of the rectangle ABCD, 

In the case of uniform movement the curves 


AGH and JKD are symmetrical about their 
midpoints G and K. Therefore the area of each 
of the curved triangles AHL and MJD is equal 
to that of the rectangles A*B'HL and MJCD'. 
The efficiency is then the ratio of the areas 
A'B'C'D' and ABCD. It can thus be seen that 
the efficiency increases as the distance LM 
(representing the duration of full aperture) 
increases, i.e. the length of the opening increases. 



Fig. 12.7. 
Lancaster 
Rotary 
Shutter 



Fig. 1 2 S. 
Bertsch 
Rotary 
Shutter 



Fig. 12.9. 
Roller-blind 
Shutter 


However, in almost all shutters of this type 
the velocity is not uniform, and the efficiency 
decreases as the difference between the extreme 
velocities increases. If the motion is one of 
uniform acceleration (e.g. a shutter falling 
freely) efficiency of a drop shutter with a rec- 
tangular aperture falls from 50 per cent to 
38 per cent for a ~ d, and from the 66 per cent 
to 49 per cent for a — 2d. 

The increase in efficiency caused by increasing 
the length of the opening is unfortunately 
accompanied by a still more rapid increase in 
the exposure time, because the actual velocity 
of the moving part cannot be increased far 
beyond 74 ft per sec. 

These numerical values are also true in the 
case of a rotary t3q)e of guillotine shutter in 
which the sector opening has its apex at the 
centre of rotation. If the sector opening has its 
apex* nearer the aperture the efficiency is 
increased. 

The rotating guillotine shutters of Lancaster 
(Fig. 12.7) and Bertsch (Fig. 12.8), with effi- 
ciencies of 50 per cent and 70 per cent respec- 
tively were widely used at one time, but their 
exposure times were much longer than those 
usually required in modem practice. 

133. Roller-blind Shutters. A developmmt 
of the guillotine shutter is the roller-blind 
shutter, which is used in a number of portable 
cameras. The rigid screen is replaced by a 
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flexible blind wound on rollers at each side of 
the aperture (Fig. 12.9). This shutter, first 
suggested by Rel^din in 1855 and developed 
to its present form by Kershaw, is always used 
either in front of or behind the lens, the latter 
being more convenient and permitting different 
lenses to be used in the same shutter. 

The opaque blind, which is made of rubberized 



Fig. 12.10. Action op Guillotine Shutter 


doth, usually consists of two bands of material 
in line with one another joined at their edges by 
narrow strips so as to form one long band with 
a rectangular opening near the middle. This 
opening usually has a height of one and a half 
times its width. The blind is wound by its lower 
edge on to a roUer containing the driving 
spring. To set the shutter t^ blind is wound 
on to the upper roller, either by pulling a cord 
whidi is wound around a pulley forming part 
of the roller or by means of a small key attached 
to the roller. 

The tension of the driving spring may be 
changed by means of a milled head, and the 
speed of travel of the Mind thus altered (at full 
tenskm on some shutters the speed of the 
blind may be as much as 15 ft per sec). When 


this head is turned the corresponding time 
of exposure is indicated approximatdy on a dial 
(for a shutter of about 2} in. opening the expo- 
sures usually vary from 1/15 to 1/20 sec. the dial 
indicating exposures from i/io to 1/50 sec). The 
driving spring should not be left in tension when 
the camera is not in ose« but should be released. 
To do this a spring catch is released, and the milled 
head should be braked with the fingers to prevent 
the spring running down too violently. 

A side lever can be placed in two positions, 
one allowing continuous unwinding of the blind, 
while in the other position the blind is stopped 
halfway as long as pressure is maintained on the 
shutter release. 

Although several shutters of this type have 
been fitted with an auxiliary blind to cover the 
aperture during setting, most models imcover 
the aperture while the main blind is being set. 

The efficiency, which is independent of the 
spring tension, is the same as that given for 
the guillotine shutter (rectangular aperture), 
allowing for the fact that the motion is not 
uniform. The height of the opening may be 
measured by setting the shutter half-way and 
sticking a strip of paper to the upper edge of 
the opening. The position of the edge is marked 
on the paper, and the shutter and paper wound 
on until the lower edge of the opening appears, 
which is also marked on the paper. The blind 
is then slowly released so as not to tear the paper, 
and the distance between the marks measured. 

The diameter is taken to be that of the effective 
aperture of the lens when the shutter is placed 
in front of it, and slightly less when the shutter 
is behind ; the efficiency is slightly higher in the 
latter position. 

134. Modem Types of Guillotine Shutters. 
Shutters developed from the rectilinear t3rpe of 
guillotine shutter are used on many types of 
hand cameras, but in order to combine reason- 
able efficiency with compactness, the shutter 
is made of two thin steel plates one covering the 
aperture before exposure and the other Ster. 
The time between the first plate beginning to 
uncover the aperture to the second plate closing 
it corresponds with the time of passage of the 
opening in the simple type. For long exposures 
the plates are worked independently ; for very 
short, or instantaneous, exposures the second 
plate is automatically relea^ by the first one 
when it reaches the end of its travd; or alto- 
natively the first plate actuates a mechanism 
whidi releases the second plate after a pre- 
determined time. In setting a shatter of this 
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type the two plates either move so that the 
aperture is never uncovered, or in conjunction 
with an auxiliary plate which, having covered 
the aperture during setting, returns to its 
origind position and takes no further part in the 
shutter's working. 

Fig. 12.10 shows diagramatically how such a 
shutter works, the driving springs, ratchets and 
shutter release being omitted for clarity. In the 
position of rest (position I) the plate A rests 
against the stops cc and engages by means of 
the pins dd the plate B, the solid part of which 
covers the aperture. To set the shutter, plate A 
is drawn to the left. It covers the opening in B 
then drags B with it until it is stopped by studs 
ee (as shown in position II). When the shutter 
is released, A is set free, and under the force of 
tlic driving spring moves to the right and 
uncovers the aperture (as .shown in position III). 
When it has completely passed the aperture it 
engages plate B and pulls it over so as to cover 
the aperture again (position IV). The greater the 
length of the slots in A in which the pins dd 
slide, compared with the diameter of the aper- 
ture, the greater is the efficiency of the shutter. 

135. Flap Shutters. Different types of flap 
shutters worked directly by hand had been in 
use for some time when J. W. T. Cadett, in 
1878, made a shutter of this type in which the 
flap was raised by pressing a pneumatic bulb. 
This apparatus was very clumsy and was fixed 
to the fens hood. A much neater model was made 



by C. Guerry in 1880 (Fig. 12.11), and shutters 
of this type are still being ma^ for portrait 
photogr^)hers. Guerry also had the excellent 
idea of putting this shutter inside the camera, 
as shown by the dotted lines in Fig. 12.11. A 
shutter in this position is equipped with 
stronger springs, and is operated from a bulb 
outside by means of a metij, connexion through 
the lens &)ard. Its advanti^e is that the atter 
does not know the exact moment of exposure. 
The flap, whkh is very light, w covered with 


black velvet and normally rests against the 
edges of a box which is also lined with black 
velvet, ensuring that the shutter is light-tight. 
The shutter is opened by pressure on a rubber 
bulb, and remains open as long as the pressure 
is maintained. For long exposures inconvenience 
is avoided by closing 
a tap on the tube con- ""''**'**^ 

necting the bulb to the 
shutter. 

It can be seen from 
the figure that the 
lower part of the sub- 
ject will be exposed for 
longer than those parts 
which are above the 
level of the camera. 

Thus, in landscape 
photography, the fore- 
ground will have more 
exposure, which may 
be an advantage as 
long as exposures need 
not be less than i sec, 
which is the least this 
type of shutter can 



give. 

If we represent the Fic. 12.12. Double-flap 
exposure at the top Shutter 

edge of the plate by 

unity, and assume that the flap begins to descend 
again as soon as it has uncovered the whole 
aperture, the exposures on the axis and at the 
lower edge of the plate will be 0*23 and 0*15 
respectively. The efficiencies at the top, axis, 
and bottom are respectively 92, 83, and 50 per 
cent, and the exposures received will there- 
fore be 92 per cent, 19 per cent (i.e. 83 per 
cent of 0-23) and 7*5 per cent (50 per cent 
of 0-15) of what they would have been during 
the total time of exposure in the absence of a 
shutter (M. Wastz, 1906). This udevenness is 
considerably less if the shutter is fully open for 
some time; if, for example, the total time taken 
by opening and closing is i sec and the time of 
full opening i sec, the relative exposures become 
98, 80, and 66 per cent. 

Joubert suggested in 1880 the use of a second 
flap connected to the first and remaining always 
parallel to it. By means of this double-flap 
shutter, considerably shorter exposures may be 
given, but the exposure is now at a maxiiiMun 
m the centre of the plate where it is about 40 p|sr 
cent greater than at the upper and lower ed^ 
In the form in which it is usua% used by pcarMt 
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photographers, the second flap can be discon- 
nected so that it becomes a single-flap shutter. 

To reduce the time of exposure and also to 
reduce the variations of exposure across the 
field, Tanneron (1919) combined the single-flap 
shutter and the roller blind shutter, the latter 


Fig 12.13. Multi- Fig. 12.14. Bellows 
Fi.AP Shutter Shutter 

being automatically released when the flap is at 
its top point. In this way, the two disadvantages 
of the roller blind shutter are overcome. The 
flap prevents the film being exposed during the 
setting of the roller blind, and the noise of the 
roller blind (UvSually a difficulty in portrait 
photography) is not heard until it is closing, 
when it is too late to have any effect on the sitter. 

136. Various other Shutters derived from the 
Fl^ Shutter. Several types of shutter generally 
used behind the lens can be traced to the flap 
shutter. 

The multi-flap shutter, shown diagrara- 
matically in F'ig. 12.13, consists of a number of 
light flaps pivoted on horizontal axes and just 
overlapping in their extreme positions. The main 
disadvantage of this system is that the light 
emerging from the lens is never completely 
transmitted ; the flaps, which are always 
parallel, only pass the horizontal rays completely 
when they are themselves horizontal but then 
cut off an appreciable part of the oblique rays. 
Similarly, if they are partially opened or 
closed, they transmit completely only some of 
the oblique rays. Thus this shutter never has an 
efficiency greater than 33 per cent. Although 
with a shutter of this type' exposures as short as 
1/400 sec could be made (Kraus, 1894), it w^ 
soon abandoned for general use. It has been 
used occasionally in aerial cameras, however, 
and leaves have been arranged radially so as to 
give a perfectly symmetrical held. A device 
also vised was t^t of momentarily stopping the 
tdades of the radial pattern when ftdly open, 
and an efficiency of 80 per cent was achieved. 


Two other ty^ of shutter, of purely historical 
interest, are the rotating plate, placed between 
the lens elements and turning on one diameter 
which, unfortunately, used mainly the outer 
edges of the lens and the “ plug’* shutter, resem- 
bling the plug of a tap, which used chiefly the 
central portion of the lens. Both are far too 
clumsy for modern use. 

The bellows shutter is shown, as seen from 
above, in Fig. 12.14 and is used by many portrait 
photographers. Two bellows of opaque black 
cloth are built on light metal frames, rather like 
Japanese lanterns. In the closed position these 
bellows form a hemisphere which, when operated 
by a pneumatic piston, opens about a vertical 
axis. This has the advantage that the part 
having maximum exposure is the vertical axis 
of the image, which is invariably the position 
occupied by the subject. This shutter does not 
allow exposures any shorter than those given by 
a simple flap shutter, but short exposures are 
rarely needed in the studio. 

137. Double-guillotine Shutters. Although in 
principle a double-guillotine shutter, opening and 
closing from the centre (Mann, 1862), is for use in 
the diaphragm, numerous models have been 
made for use before or behind the objective. One 
of the best of these, although it was first 
designed years ago (L. R. Decaux, 1893), is 
frequently used behind the lens (it may, how- 
ever, also be used as a diaphragm shutter) 
without any difficulty if of sufficiently large 
aperture. This is due to the fact that the time 
during which the shutter is fully open nearly 
always represents more than half the total time 
of operation of the shutter. 

In this shutter, which is represented closed 
and open in Figs. 12.15 and 12.16, (E. Wallon, 
La Revue de Photographies 1906 and 1907) the two 
blades and 7 ,. instead of having rectilinear 
movement, are guided by horizontal grooves aib^ 
and a^b^, and joined by a long member to the 
end of the arm which rotates about the 
pivot M and is brought into its position of 
rest by the spring r. The driving spring R is 
coiled round the piston rod in the body of the 
pump P. This pump is full of air, which the 
piston, under pressure of the spring R, compresses 
to the end of the cylinder, where it escapes 
through very small holes, the exact size of 
which may be regulated at will by rotation 
of the button which has marked on it a series 
of numbers corresponding to different exposuresv 

An extension of the piston rod carries a rack 
which engages in the toothed wheel Q, which is 
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directly connected with the setting lever, and 
which is fixed to the cam 5 which forms the 
vital part in the mechanism. When the key for 
setting the shutter is pressed, the rack moves 
towards the right, thus com|»‘essing the driving 
spring and turning the sector 5 anti-clockwise. 



Fig. 12.15. Double-plate Shutter — Set 

This presses by the tip x on the pin G of the 
lever L, which is joined at Af on the arm 
and which is slightly displaced from its position 
of rest sufficiently for the sector to pass by, the 
lever returning quickly to its normal position, 
and pin G being thenceforth pressed against the 
sector. The triangular pin C of the cam 
is then caught in the notch e of the bolt 
D, which pivots round N and is acted on 
by the spring f, the shutter thus being set 
without any movement of the blades V. 

If the bolt D is lowered by pressing on 
the rod K, the pin c is set free and on 
being released the spring impresses on the 
cam a rotation in the opposite direction 
to that previously described. The lever L 
is pushed towards the right, but in this 
direction it engages the arm and 
consequently moves the blades of the | 
shutter, the aperture of which is fully 
opened when the cam has turned through 
about 90"*, the pin G being pressed against 
the cam. Before this pin is set free, thus 
showing the shutter to close, the whole 
of the sector 5 ^own by the arc xy must ^ass 
under it. The time this takes to pass is the time 
of full aperture, after which th^lates close under 
the influence of the springs The air brake does 
not act appreciably dmng the actual opening 
or dosiitt of the shutter, the air not being 
si^cientfy compressed to have any effect on tltt 


driving spring R. In fact, the action of the brake 
only aifects the duration of the exposure at full 
aperture. 

For very long ” time ** exposures, the holes in 
p through which the air escapes are almost com- 
pletely closed. The movement of the cam is then 
very slow when the pin G approaches the 
end X of the sector 5 , and if there is no 
longer any pressure on the rod E, the pin 
c is stopped by the notch / before the 
blades close; a second pressure on K 
releases c and the shutter closes. 

The times of opening and closing arc 
about 1/400 second ; the shortest time 
at full aperture is also about the same, so 
that the shortest total exposure is about 
1/120 second, with an efficiency greater 
than 60 per cent. This rises to about 80 
per cent for an exposure of 1/50 second, 
and increases continually with the ex- 
posure, as is the case with the majority 
of shutters. 

138. Diaphragm Shutters. The first 
shutter with several pivoted blades open- 
ing like the leaves of an iris diaphra^ and 
operated simultaneously by an internal ring con- 
centric with the diaphragm appears to have been 
made in 1887 by Beauchamp and Dallmeyer, 
Some of these shutters, with a large number 
of blades (e.g. 10 in the Volute and the X-ExceUo), 



Fig. 12.16. Doublb-flAtb Shutter— Ofbn 

are actually iris diaphragms, the leaves opening 
just sufficiently to form the boundary of tl^ 
desired aperture as indicated cm a scale, during 
a given time, as ^own by a second scale, the 
efficiency of these shutters is not partkulaity 
good, about a maximum of per cent for a. 
uniform movmnent of the lea^, but this can 
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be slightly increased by choosing a suitable 
movement. Ako, the construction of these 
shutters is somewhat complicated, which usually 
resists in a higher price and a more fra^le 
construction than in shutters having an iris 
which is quite separate from the shutter leaves. 

Generally the number of leaves is three or 
four, but sometimes may be two or five. For 
a suitable form of leaf the external diameter of 
the casing of the shutter should, for a given 
aperture, be smaller as the number of leaves 
is made greater (Lan Davis, 1911). although 
manufacturers have not always made the best 


increases.^ The table given below gives for 
different numbers of leaves (J. Demar^ay, 1905) 
the efficiencies calculated for the case id wM(£, 
instead of turning round pivots, each one slides 
in a direction parcel to a radius, the assumption 
being made, in agreement with general practice 
for the shortest exposures, that no brake is used. 


Number oI leaves 

a 1 * 

4 

6 

CO 

Efficiency .... 

0-4*4 1 0 * 367 , 

0*35* 

0*341 

••333 


Many older shutters of this t3q>e are fitted 



Fig. 12.17. 



Fig. I? 19. Fig. 12.21. 





Fig. 12.18. 


Fig. 12.20. Fig. 12.22. 


Thboreticjil Forms of Two-, Three-, and Four-leaf Diaphragm Shutters 


use of this fact. The table below gives the 
riiecbetical diameter of the casing for different 
nunlbers pf leaves, the diameter of the aperture 
being taken as unity. 


Nweburelisews . sors 4 

3 

6 

8 

to 

ao 

IXaagltrofcMiac a 1*93 

1*83 

1*73 

1*39 

X*49 

i*a 6 


Figs. 12.17-12.22 show the theoretical forms 
(A l^ves corresponding with shutters fitted 
with 2, 3^ or 4 leaves, according as to whether 
thcK pivot around poipts (marked by small 
cirdcs) situated on the edge of the aperture or 
on the ndge of the casing. 

This advantage of shutters having several 
leaves is, however, to a great extent counter- 
balanced by the fact that, for a given method 
of oonatnsetion a^ the same law of movementi 
the eflidency diminishes as the number of leaves 


with air brakes for regulating the exposure, the 
brake only being used during the period of full 
aperture so as to increase the efficiency. On 
more modem shutters this regulation of exposure 
is carried out by an escapement mechanism. 

With all shutters, and especially with those 
of this t3rpe, the minimum exposure increases 
very rapidly with the diameter of the aperture,* 

^ This law would not hold for leaves in the ionp of 
sectors dividing the diaphragm into equal parts and 
opening by a translatory movement of each of tjbe 
sectors in a dilution along the length of its centre 
line, or by rotation around a pivot at lonm distance 
away. Such arrangements, however, present consider- 
able difficulties in practice. 

* Considering shuttors of the same type and different 
diameters d working in the same time, and •ii[p|NQeing 
that the thicknesses are not increased, the oneigy 
absor bed, variemoportionaliy to d*, abce m 
is pn^portional to d* ana v to d. Thmefcre 
damage would occur in a very h^ge shutter wbkh 
opens and plants in the same thiM ega snudl one. 
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but at the same time the efficiency tends to 
diminish because the exposure can only be 
reduced by a change in the time of full aperture. 

The results of numerous tests carried out at 
the National Physical Laboratory (T. Smith, 
1911) on this type of shutter have shown in 
some exceptional cases exposures of 1/340 
second to have an efficiency of 46 per cent 
Generally, however, the minimum exposure 
time is nearer 1/200 second with an efficiency 
of about 54 per cent, which rises for longer 
exposures and becomes practically equal to 
100 per cent when the exposure is of the order 
of I second. The relative values of the extreme 
exposures which are automatically controllable 


leaves from the closed to the open position 
corresponds with a very small rotation of the 
ringi 4 . 

The ring A may be controlled by two difimnt 
methods ; either by direct action of the 
trigger release and without previous setting, for 
*‘time” and “bulb" exposures and relatively 
short exposures of about J second with very 
low efficiency, or by using, after setting, a 
driving spring and an air brake, the only rdlc 
of the release then being to set free the pieces 
which were locked in setting the shutter. 

The movement of the lever to set the shutter 
engages a spur which is integral with the ring A 
in an arm which, from the moment of release. 



is connected with the driving 
spring, the setting being 
effected without any move- 
ment of the leaves, thus 
removing the risk of the 
aperture being uncovered. 
At the moment of release 
the ring A starts to rotate 
and continues to do so until 
full aperture is reached. The 
air brake now comes into 
play and prolongs the time 
of full aperture as required 
until the spur in the ring 
A frees itself from the arm 


Fig. 12.23. Compound Shutter Fig 12.24 Compound Shutter, to which it was previously 
(Deckel), Closed Open fixed, the leaves then closing 

under the pull of the spring. 

by the shutter often exceeds 200 to i. On The brake consists of a cylinder closed at its 
shutters, the time scale of which can be regarded two ends and fitted with a piston having a 
as reasonably accurate, the errors are of the narrow slot communicating with the two end| 
order of 15 per cent, but on some types the error of the cylinder. Displacement of the piston 
is considerably greater than 50 per cent. compresses the air on one side and rarefies it oh 

For some years several makers have supplied the other. The resistance to the movement of 
shutters with a delayed action release (self- the piston depends on its original position and 
timer). An interval, either constant (usually has a minimiun value when the, two compart- 
about 10 sec) or adjustable within certain limits, ments at the ends of the cylinder are equ^. 
elapses between the pressure on the shutter The variation of exposure is controlled by dis- 
release and the action of the shutt^ . ^dement of the piston P (Fig. 12.25) before 

X39. Asanexampleof this type of instrument the shutter is released. This is effected by 
we ytUl consider the C&mpiind diutter (F. rotation of the disc D, which is graduated in 
1905) having three or four leaves accord- exposure times (i sec to 1/250 sec), and which 
to the meSik&t of the aperture. This is repre- engages the era C moving the bent lever L. 
sented diagramxnatically in Figs. 12.23 and 12.24 one end of which is fixed in the piston tlirough 
(E. Wallon), for the case of a thiee*tof i^utter, a longitudinal slot in the cylinder, and the oth^^ 
oneleaf only being shown to avoid complicating by means of the curved aim B, to a drum 
tbefigure. The leaves V ptvotrroimd tiiepoints containing the driving spring. 

P in a ring and air-operated by the phis 140. Escapement^enntroUed Dia^iragm 
g engaging in the radial not^es of the movable ten. A devehmment of the air«brake S30ttein 
ring wifi be iralM the movement of tte of speed cbntrof described above is the use of a 
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dockwork escapement mechanism, a system 
has become common in shutters of the 
Compur type. The general sjrstem of operation 
is si^ar to that of the compound shutter 
previously described, but the rate of rotation of 
the operating ring is controlled by an escape- 
ment mechanism incorporating a gear train for 
the lower sp^ds. To obtain the highest speeds, 
an extra driving spring is brought into operation, 



Fig. 12.25. Speed Adjustment of Compound 
Shutter 


which speeds up the whole operation, and leaves 
the efficiency practically unchanged. With 
shutters of this type, reasonably high speeds 
can be obtained ; on the smaller models, speeds 
of 1/500 sec with efficiencies of 60 per cent are 
obtainable. At i/ioo sec, the efficiency is about 
74 per cent, and at 1/25 sec, about 92 per cent. 

The calibration is usually much more accurate 
than with everset shutters, but the speeds are 
nevertheless often considerably slower than 
indicated, especially at the short exposure end 
of the scale. 

141. Everset Diaphragm Shutters. There are 
in use a ..great number of everset diaphragm 
shutters which usually indicate speeds of 1/25, 
1/50 and i/ioo, in addition to T and B, In these 
'shutters, the action of pressing the shutter 
rdease fixst sets the driving spring, and the 
^ut^ is triggered by further pressure. On 
thesd shutters, the various speeds are obtained 
by variation in the tension of the driving spring, 
or, on some, an escapement mechanism controls 
the actioii|»in muth the same way as on a preset 
Sutler. These shutters are fitted to a large 
number of cheaper cameras, and the calibration 
is seldom accurate, it being quite common for 
meds of 1/25, 1/50 and i/ioo to be practically 
me same. The efficiency is rarely more than 75 
per cent and is often much less. 

^ Z42. Foc8l<^phme Sfautters. Theso-called focal- 
plane shatter is a drop shutter having a flexible' 
mind consisting of an opaque fabric or of an 
assdabty of m^ slats which works in a plane 
IMUsM to the flhn, and, at least in princifMe, at 
a . very short distance from it. The important 
ieatore oi this shutter is that it cap be u^ with 
a Ytey narrow slit, thios giving a very sh<Mrt 


effective exposure time with almost maximum 
efficiency if the slit passes very close to the 
image (which it unfortunately seldmn does). 
At the same time, the image may be deformed, 
the deformations becoming greater as the velo- 
city of the moving parts of the image increases 
relative to the mean velocity of the slit during 
its passage across the image. 

Suppose, for example, that after equal inter- 
vals of time, the slit (Fig. 12.26) occupies suc- 
cessively the positions F,, Fj, F„ F4, Fj 
(purposely made unequal distances, since the 
velocity of the slit is rarely uniform). Suppose, 
also, that at the same moments the image of a 
straight vertical moving line occupies respec- 
tively positions denoted by /j, /,, I /j. The 
little elements of this image which are photo- 
graphed at each of the moments considered, 
represented by the points . 4 , B, C, Z), F, will 
therefore not give a vertical straight line in 
the photograph, but a complex curve depending 
on movement of the slit, and the image. It 
becomes a straight line if at all times the 
velocities are proportional, but would only be 
vertical if the straight line object remained 
stationary during the total time of exposure. 
Obviously, Fig. 12.26 assumes a very extreme 
and improbable velocity of the image, and 
exaggerates almost to the point of ateurdity 



the deformations which are produced in prac- 
tice. These are not generally serious except in 
cases such as the images of the wheels of rapidly 
moving vehicles photographed at dose quarters, 
e.g. cars on a racing track ; the dreuiar wheel is 
in such cases repr^uced as an ellipse, and in 
extreme cases the spokes are actually curved 
inwards. No shutter placed between the lens 
would allow of exposures as short as thos^ 
necessary for photograph^ on a relatiydy 
large scale moving bodies having siinilar 
veiodties. Of two evfls, the least must be 
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chosen, and if one really wants a photograph 
under such conditions one must be prepared to 
find it deformed. It should, however, be clearly 
understood that it is no use trying to make 
precise measurements on a photograph which has 
been obtained by using a focal-plane shutter. 

The focal-plane shutter, the use of which 
for ordinary photographic practice appears to 
have been suggested by H. Farmer in 1882, was 
not made commercially until after its use by 



Fig. 12.27. Slit Adjustment of Focal-plane 
Shutter 

0 . Anschutz, in 1888, for studying the attitudes 
of moving animals. 

The effective exposure time can be varied in 
two w^ys. Variations in the tension of the 
driving spring affect it, although the extent is 
only small. In some modem cameras having 
focal-plane shutters covering a wide range of 
speeds the velocity of the blind can be varied 
mechanically. Apart from special cases, how- 
ever, the majority of adjustment is carried out 
by varying the width of the slit. 

In its original form the focal-plane shutter 
consisted of a blind made in two pieces, each 
attached to. a sufficiently rigid rod and jomed 
together by a cord in sudi a way that the width 
of the slit, that is, the distance between the 
two rods, could be varied within sufficiently 
large limits, as shown in Fig. 12.27. In order to 
do this, the cord, starting from one end a of the 
rod, passes through the rings be to the end of 
the other rod, then up through the ring d at the 
opposite end of the first* rod, being fin^y 
attached to the friction-slider e which slides 
along the rod ad» The slit edges having been 
adjusted parallel, the aperture of the slit may 
be read off from graduations on the slider. 
Setting of the gutter and adjustment of the 
spring tension, as also the relew of the latter. 
«ter use, axe ^ne in the same MV as in the case 
of the blind shutter mounted on me lens (§ 133). 
Exposures of the order of a second are |^ven by 


hand by simply using the lens cap after having 
wound the blind beyond the setting position 
until a slit of width equal to the size of the 
image to be formed is obtained. Many of these 
shutters do not give exposures of the order of 
i/io second, for which it is necessary to mount 
an auxiliary shutter on the lens. 

As soon as it was realized that a continuous 
variation of the width of the slit was unneces- 
sary, the slit regulated as described above, 
necessitating opening the camera each time it 
was desired to change the exposure, was re- 
placed by a series of fixed suitably-diosen slits, 
separated one from the other, in the same blind, 
by distances which were at least equal to the 
width of the image (R. Hiittig, 1900). Accord- 
ing to the amount of blind which is wound 
on- to the setting roller during setting, so one or 
other df the slits crosses the image field when the 
shutter is released, the blind being automatically 
stopped as soon as one slit has traversed across 
the whole image. The mechanism is such that 
the blind cannot move past this stopping point 
and thus bring into the field one of the slits in 
the part of the blind which was previously 
wound on to the setting roller. A pointer 
outside the camera with an indicator mechanism 
shows the width of the slit available when tl^e 
shutter is set. The slits are usually arranged in 
such an order that, merely by changing them^ 
the tension of the driving spring automatically 
increases as the slit becomes narrower, thui 
causing the total time of travel to decrease as the 
slit width decreases, the effective exposure time 
being decreased in both ways. 

These shutters have the disadvantage of 
exposing the film during setting, and it is. 
desirable that they work in conjunction with 
an auxiliary blind or flap which covers the field 
automatically during setting. Such a blind or 
flap is moved by the shutter relesjse before the 
blind begins to move. In the reflex camera the 
flap is also the mirror, which is made to swing 
out ^)f the way before the shutter operates. 
Attempts have also been made to interlock 
shutter setting with a flap so that the shutter 
cannot be set if the flap is open and the flap 
cannot be opened before the shutter is set. ^ 

In modem types of focal-plane shutters ^ 
disadvantage is avoided various devices 
which at the same time allow the width of the 
slit to be rqgulated from outside. For example, 
two separate tdkds may be t»sed, of which one, 
stretched between the driving roller B (Fig. 
12.2$) and the setting roUgr A, ha$ a fixed 
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slit ab, of heig&t usually equal to the width of 
the image. The other, which runs between the 
<^ving roller D and the setting roller C, ends 
at d and is wound round C by means of strips 
continued from its two sides. The setting rollers 
A and C are operated by a 
common key integral with the 
toothed wheel £ which en- 
gages simultaneously the pinions 
mounted on the axes of A and 
C. The pinion A is keyed to its 
axle, but the pinion C is held on 
its axle only by friction. When 
the blind CZ) is as far down as 
it will go, the edge d having 
passed the limits of the held, the 
setting key can still be turned 
and tbe blind AB raised until 
the width of the desired slit, 
as indicated externally on the 
camera, is obtained between the 
edges a and d of the two blinds. 
Ratchet arrangements thereafter 

© prevent any relative displace- 
ment of the two blinds, after the 

© width of the slit has been ad- 
justed, both during the opera- 
tion of the shutter, and also 
at setting, during the passage 
through the held of the sUt 
ab, which is covered by the 
blind CD as soon as the photo- 
graph has been taken. 

The most perfect arrangement of a focal- 
plane shutter camera was devised in 1899 by 
G. S^ste. In this camera, which unfortunately 
Is longer made, the slit, formed by two 
heavuy-b^lled sh^ metal flaps, moved only 
i/io mm from the plane of ^e sen^ve 
emulsion. The parall^sm between the flaps 
was ^ good that the width of the slit could be 
easily reduced to about i/iomui. The two 
met^ flaps were joined to the front of the 
camera by a corrugated bellows of such section 
that even at the extreme ends of its travel it 
not intercept any of the useful beams. 
Spiings ^ich acted as brak^ during part of 
toe movement and during the other part acted 
in a way to help the movement, gave a prac- 
tically uniform velocity to the ^t. By varia- 
tions in the width of the slit and in the tension 
vi the driving S|«ing. zao diflerent times of 
ex|K»ufe could be automatically obtained. 
I&se wave indicated exactly for two difierest 
poidtioiii of the camera, hdd normally or side- 


Fig, 12.28. 
Adjustment by 
Two Blinds 


ways, from 7/40 second up to 1/5,000 second 
with an efficiency which did not di^ appreci- 
ably from zoo per cent. During setting the slit 
was automatically covered by a metal plate, thus 
ensuring that the plate was not accidentdly 
fogged. 

A camera employing a focal-plane shutter 
with 100 per cent efficiency is the Aerophote, a 
camera for aerial photography using roll Aims, 
in which the edges of the slit actu^y slide in 
contact with the emulsion. 

Z43. In the case of most focal-plane shutters 
the velocity of the blind varies quite appreciably 
during its time of travel. The blind, starting 
from rest, possesses considerable inertia which, 
in the case of very short exposures and very 
feeble illuminations, causes the exposure along 
the edge of the image first uncovered to be 
considerably greater than at the opposite edge. 
Even though the tension of the driving springs 
may be decreasing, the acceleration of the sUt 
is very definite, its velocity at the end being 
often double that at the start. Fig. 12.30 shows, 
from the measurements of Verain and G. 
Labussi^re (iqzS), the variations of this velocity 
in the case of the focal-plane shutter of the 
18 X 24 cm cameras of the French Military 
Aviation. 

In some modem miniature cameras this 
variation in speed of the blind is compensated 
adequately (and sometimes even over-compen- 
sated) by varying the width of the dit during 
the travel of the blind. The same effect can he 



Fig. 12.29. CoMreNSATioN for Acceleration 
OF THE Blind 

obtained if the effective width of the slit oftT ' be 
dumged without changing its real width, and 
this has been done (Zeiss Ikon, Z935), as ^dwu 
in Fig. Z2.29* When the sHt is at one edge of tha 
field the pencil of rays reac^g the film 
diagram], has a larm angle t&n vfben at the 
otm edge (B). Thus t^ elective exposure 
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changes as the slit crosses the him. It can be 
seen that the change is greater when the slit is 
narrowest and the effective exposure shorter; 
this change is as it should be. 

Except in special cases the average velocities 
of the blind corresponding to the extreme tensions 
of the driving springs are practically the same. 
On modem makes of shutters these extreme 
velocities are in the ratio of i : 1*20 or of 
I : 1*54. It is only on very carefuUy-made 
shutters that this ratio reaches a value of 
I : 2. (In the Sigriste camera this ratio is as 
much as I : 6. which shows how much room 
there is for improvement in the construction of 


slit MN in the blind R, which is at a distance e 
from the sensitive film. The planes through the 
edges of the slit and botmded by the edges of 
the aperture determine on the one hand a zone 
MAN inside which the illumination is the same 
as in the absence of a shutter, and, on the other 
hand, a zone MEN of which the regions not 
common with the preceding zone receive light 
from only a fraction of the lens aperture,Mmch 
fraction becomes less as the distance from the 
zone of full illumination increases. 

Calculations which cannot be reproduced 
here show that, when the zone of full light 
reaches the emulsion layer (a > e), the efficiency 



Fig. 12.30. Variation of Speed of Blind during 
Exposure 



Fig. 12.31. Efficiency of 
Focal-plane Shutter 


more common types.) In some modem focal- 
plane shutters covering a wide range of speeds 
the rate of travel is decreased by means of an 
escapement mechanism in order to obtain the 
longer exposures. 

Accurate measurements of exposure times 
have shown that the values of effective exposures 
indicated on many focal-plane shutters are very 
much less than those that actually are obtained, 
the error frequently being as much as 100 per 
cent. 

Except in rare cases where the edges of the 
slit are in actual contact with the emulsion, 
no point of the sensitive film passes suddedy 
from complete darlmess to the full illumination 
which the lens Would produce in the absence of 
the shutter. 

) Comdex a ^ross-seqtion HJPig, 12.31) through 
the optie axis perpendkniluu: to the slit. Let 
dbemt diameter of the lens aperture, /its dis- 
tance from the euuifrion P; t the width of the 


is equal to the ratio of the sum of the widths 
of the band mn, cut at the film by the cone ai 
full illumination, and of one of the bands o| 
the penumbra m or nt, to the total width 
of the illuminated band st. This efficiency is 
given by the expression 

Efficiency = — ‘ 


The table given below (M. Pau and L. P. 
Clerc. 1917), calculated for certain cameras of 
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the French Military Aviation, shows the values 

the efiidency for different given widths of 
the slit. 

It should be noticed that the time of exposure 
is not, as one might think, exactly proportional 
to the width of the slit, but to the width of the 
Uluminated band sf, i.e. to the expression 
I + The exposure is thus proportion- 

ally longer for narrow slits than for wide ones. 
It can be seen from both the expression for 
efficiency and the table of practical results that 
the efficiency decreases as the effective exposure 
time is decreased and also as the lens aperture 
is increased, and it is unfortunate that these 
conditions usually go hand-in-hand. On small 
cameras the efficiency of a focal-plane shutter 
only becomes of importance at high speeds and 
large apertures. 

It is interesting to note (A. Klughardt, 1926) 
that in the case of a focal-plane shutter of which 
the blind moves with a uniform velocity, the 
effective exposure is constant when only the 
distance of the blind from the sensitive him is 
varied. The quantity of light is then the same, 
whatever the position of the shutter may be, if 
all other conditions remain the same, but this 
quantity of light is received in a length of time 
which increases with increasing distance of the 
blind from the emulsion. 

144. Pfictical Rules for the Use of Focal- 
plane Shutters. Over a considerable range of 
exposures, a given effective exposure time may 
be obtained under different conditions, since an 
increase in the width of the slit can be compen- 
sated by a greater velocity of the blind brought 
about by increasing the tension of the driving 
•pri]%. For any given exposure it is best to 
adopt the greatest possible speed of the blind ; 
by doing thas the total time of travel is reduced ; 
so also is the possible deformation of moving 
obfects, and the wider sUt which can be used 
results in an improvement in the efficiency. 

In addition tlUre is the question of the best 
.position for the shutter in order that riie 
deformation may be kept reasonably small 
when photographing a very rapidly moving 
object. If tltt slit moves in -the same direction 
as the image, the latter will appear to be length- 
ened; if it moves in the opj^ite direction the 
image will be conqnessed. Lastly, the image will 
appear distorted if these two directions are not 
pataOel, tiie distortion being a maximum when 
the movement of the slit is perpendicular to 
that (rf the image. This last arrangement should, 
of course, always be avoided whra photograph* 


ing rapidly moving objects ; it depends on the 
type of object which of the other two arrange- 
ments will give the better result. With fast- 
moving subjects it is often desirable to swing the 
camera during exposure so as to keep the image 
on the film relatively motionless. By this means 
the distortion may be transferred from the 
subject to the background. In the photography 
of subjects such as racing-cars this is not always 
a bad thing, as it increases the sensation of 
speed. 

Except in the special case just mentioned, the 
camera should be held quite still during the 
total exposure, which may be much longer than 
the locd exposure. Any movement w^ cause 
distortion of the subject even if it does not cause 
blurring. 

In cases where a focal-plane shutter is used 
for photographing a landkape which contains 
no quickly moving object, advantage may be 
taken of the variation of local exposure from 
one end of the image to the other to reduce 
^htly the exposure of the sky and the distance. 

One can use a flashbulb in conjunction with 
a focal-plane shutter only if an appropriate 
synchronizer is used and the useful duration of 
the flash is greater than the total time of travel 
(unless a time exposure is used). If this is not 
so, the subject will not be illuminated during 
the total exposure, and the negative will be 
very uneven indeed. It is always necessar}' to 
avoid flickering light with a focal-plane shutter, 
the image produced being formed of light and 
dark bands. Such sources are neon, mercuiy, or 
fluorescent lamps operating from alternating 
current. 

145. Choice of Type of Shutter. Just as no 
lens can be perfect for all uses, so there is no 
type of shutter which can really be called 
universal. 

Portrait photography is generally best carried 
out with inside flap shutters or bellows shutters, 
as it is essential that they should be silent. 
Their low efficiency is not generally of much 
im|x>rtance, as the normal exposures are of the 
order of ^ sec. 

The roller-blind shutter is perfectly suitable 
for landscape photography and almost all kinds 
of industrial photography, mainly because of 
the ease of employing interchangeable lenses 
mounted on the shutter. Care has to be taken, 
however, that the aperture of the shutter is 
adequate in all cases, and the use of most roller- 
bHnd shutters is incompatible with the use of 
wide-angle lenses. 
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The photographer specializing in reporting 
sports, or the study of rapid motion, cannot 
avoid using a focal-plane shutter, but it must 
have a blind running very close to the film since 
high efficiency is indispensable in this kind of 
work where the exposure is at its absolute 
minimum. In the choice of a camera with a 
focal-plane shutter, the question of efficiency is 
one of great importance. 

For general use, the modem diaphragm 
shutter is probably the best, although the 
focal-plane shutter associated with the minia- 
ture cainera has many advantages. In particular, 
the position of the shutter in the body of the 
camera, allows lenses to be interchanged in a 
manner unattainable otherwise. This advantage 
has resulted in the production of a type of camera 
which is probably the nearest approach to a 
"universal,” contained in a reasonable bulk, 
and which is finding a very wide range of 
application. 

146. Shutter Testing. Methods used in shutter 
testing are very different, according as to 
whether it is simply desired to determine 
roughly the exposure corresponding to each 
setting, or to study the full movement of the 
shutter leaves or blind. 

Some of the methods used for the approxi- 
mate determination of the exposure can be 
carried out without any special equipment. 
Of these may be especially mentioned the 
process which consists in photographing at a 
known magnification a luminous or well-lit 
object moving with a known velocity, and 
me^uring the length of the image registered 
during the time the shutter is open. As a 
moving object a steel ball falling freely through 
a definite distance may be used. Another suit- 
able moving object is a radial line in white on a 
gramophone turntable which turns at a known 
rate, or a bright mark fixed to the rim of the 
wheel of a bicycle, of which, after having 
exactly determined the gear ratio, the crank is 
turned at a known rate measured on a seconds 
watch or a properly-adjusted metronome. In 
the two latter cases, measurement of the angle 
subtended ^.t the centre by the arc which is 
recorded ^ows the exposure time to be calcu- 
lated. If this process is carried out With a dark 
background it is easy, by moving the camera 
after each exMsure to photograph on the 
4une platCi without my of confusion, the 
arcs corresponding to the different shutter 
settings. 

SM another way of shutter testing is to 


photograph a source of light which is periodic- 
ally extinguished with known frequency, by 
sharply displacing the camera during the 
exposure, in such a way that the different images 
of the source are distinct from one another and 
can be counted. For example, an alternating 
current electric arc may be photographed, or, 
if ^eater accuracy is required, a singing flame 
adjusted to a diapason (U. Behn, 1901) may be 
photographed in a suitably-equipped laboratory. 

A convenient light source using modem 
technique is a neon lamp supplied by an alterna- 
ting current at a suitable known frequency. 

An entirely visual process which is very 
suitable for rapid testing in factories, consists 
in having a luminous point which is rotated in 
a circle by a motor, the speed of which may be 
controlled and measured. The speed is continu- 
ously increased until the image seen on a ground 
glass, and originally limited to an arc of a circle, 
closes into a complete circle. The time of 
exposure is then equal to the duration of one 
revolution (R. A. Woolven, 1913). 

A method of determining the effective 
exposure is to let the light from a constant light 
source fall through the shutter on to a photo- 
electric cell. If the electrical output of the 
photocell (which is proportional to the amount 
of light) is integrated by a suitable electronic 
circuit (e.g. the charging of a condenser) and 
measured, it will be a measure of the quantity 
of light transmitted by the shatter, and thus, 
after calibration, of the shutter speed. 

For the complete study of the movement of 
shutters one can, in addition to the cinemato- 
graphic process already mentioned (§ Z29L 
project the image of the shutter on to a fixed 
slit behind which a drum covered with sensitive 
paper is turning rapidly with a known velocity. 
On development, this gives a record similar to 
that reproduced in Fig. 12.32, where is dso shown 
the vibration of a diapason (edch complete 
vibration represents i/300th second), in such a 
way«that the time of opening, of full aperture, 
and of closmg, may be read off directly. In 
place of a diapason, an intermittent light source 
(such as a stroboscopic lamp, or a continuous 
source the light of which is interrupted by a 
rotating sector wheel) of known frequency may/ 
be used. The efficiency is equal to the ratio of 
the area traced out to thal of the rectangle 
shown by the dotted lines (dela Baume Pluvind, 
1889). By means of this method any peculiar 
behaviour in the working of the shutter can be 
investigated, such as the rebounding of the leaves 
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after closing (Fig. 12.33). excessively slow 
closing (Fig. 12.34). or variations in behaviour 
for the same setting. In Fig. 12.35, ^ 

correspond with three consecutive releases of a 
given diai^ragm shutter without any variation 
in the adjustment of the exposure time (T. 
Smith, 1911). This method can also be used for 
the study of focal-plane shutters. 



the pattern lasting long enough for measurements 
to be made. The timing xnarks can be made 
i/io, 1/100 or 1/1,000 sec apart, and the speed of 
the time-base can be adjusted to cover a total 
time of opening from i sec to 1/5,000 sec. 

Peculiarities of operation may be detected 
readily from the graph. A shutter which closes 
unevenly is shown in Fig. 12.37 1 ® shutter with 



Fig. 12.32. FIG. 12.33. 1 ^* 0 - * 2-34 Fig. 12.35. 

Shutter Efficiency Diagrams Showing Various Types of Fault 


A method suggested in 1905 by M. Hondaille 
for testing focd-plane shutters is based on the 
deformation of the images of radii of a rotating 
disc, photographed as large as possible. 

147. Catfaod^ray Tube Shutter Testing Instru- 
ment. An instrument has been constructed 
(D. T. R. Digbton and H. M. Ross, 1946-7), for 
the rapid assessment of shutter characteristics, 
which plots on the screen of a cathode-ray tube 
a graph of light transmitted by the shutter 


low efficiency in Fig. 12.38 and a shutter with 
closing “bounce" in Fig. 12.39. 

For the study of the motion of the mechanism 
of shutters, a small discharge flash tube is 
built into the instrument and may be made to 
flash at any desired point in the operation, thus 
enabling the mechanism to be seen momentarily 
or to be photographed. 

148. Shutter Releases. The operation of a 
shutter may be carried out by the direct 
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Fig. 12.37. Cathode- 
ray Tube Trace show- 
ing Shutter Closing 
Unevenly 



Fig. 12.38. Cathode-ray 
Tube Trace showing 
Low Efficiency 
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Fig. 12.39. Cathodb-eay 
Tube Trace 


against lime (Fig. 12.36). The interpretation 
of such a graph is disclosed in § 132. 

The spot, which normally remains motionless 
at the origin, is deflected vertically proportion- 

S to the output of a photocell which receives 
t transndtted by the shutter. Horizontal 
4eflect»m is supplied by a single-stroke time- 
hase circuit, which is triggered automatically 
by tbe output from the photocell. 

two ddSectipns thus occur simultaneously 
when ^ Gutter is opmitd and the graph 
is The spot returns to the origin, and 

then :tmveb atong the baee line put ting in tin^ 
niatks. IliestiPeen has long aft^owprppeiiies. 


pressure of a Anger on the release lever, or 
alternatively by means of a flexible release, 
which may be pneumatic, medianical or electro- 
magnetic. Direct pressure on the release lever 
is only suitable for short exposures, and always 
introduces considerable risk of camera shake, 
which blurs the image. « 

The pneumatic release consists of a rubber 
bulb joined bv a tube of suitable lei^h to the 
bellows on the shutter, or on more modern 
shutters to a small pomp operating on the release 
lever. It is only employ^ on several type^ of 
shutters used by portrait photographers, a long 
rubber tube being mudi more deucate than a 
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metal one, and it is often very desirable that 
the photographer should not have to wait beside 
the camera for the whole exposure. The regula- 
tion of exposures is sometimes carried out by 
inserting a connexion carrying a tap, the rate 
of leakage being controlled by a movable index 
oh a scale calibrated in times of exposure. In 
order to avoid accidental exposure, it has been 
suggested that the bulb should have a small hole, 
which must be covered by the thumb. 

The use of metal releases in photography 
started at the time when the flexible metal 
controls for bicycle brakes, invented by E. M. 
Bowden in 1897, were becoming common. These 
controls consisted of an unstretchable steel wire 
cable inside an incompressible sheath, made 
by winding a metal wire spirally around the 
cable. 

In modern cable releases of this type, designed 
to screw into the small socket provided on most 
shutters, the method of operation is reversed. 
The inner wire is pushed and the outer case kept 
in tension, usually by the cloth cover. A spring 
returns the cable and sheath to their previous 
positions as before. 

These releases are in general use and are 
considerably less clumsy than pneumatic bulbs. 
Unfortunately they are very fragile, since any 
bend in the sheath gives rise to a permanent 
deformation and to friction which prevents the 
cable sliding easily, and they cannot easily be 
repaired. Also, care should be taken to prevent 
the release being too curved when rolled up. 
Special models with reinforced sheath have been 
made with long lengths of tube for use on profes- 
sionals* cameras, but this is not at all general. 

It should not be thought that the use of a 
cable rele^- eliminates the risk of shaking the 
camera completely. It often happens that the 
relative motion of the cable and sheath can be 
too great, and after the shutter has begun to 
operate the camera is shaken by further move- 
ment. For tins reason it is very desirable that 
such a rdease be operated slowly. 

The dectromagnetic release, which has been 
used te A considerable timein special apparatus 
which bs to be worked from a distance (in 
ballistic experinrants, or animal photography) 
has recently be^ developed for the purp<^ of 
flash synchronization. The dosing of the dreuit 
operating the flashbulb also operates an electro- 
magnetiii; ihutier release, whi& can be made to 
have a amtaWc dday, owning tiie shutter when 
the ]i^ hom the bulb is iqppioaching its 
msaimim intensiityV and thus enaying high 


ic^ 

shutter speeds to be used. The fladibulb and 
release are operated from dry cells. 

There are many types of modem shutters 
which have flash synchronizing contacts built in. 
Usually the mechanism is simple, firing the 
flash at the same time as the blades begin to 
open. It is necessary to use an exposure long 
enough to allow most of the light from the 
flashbulb to be used. 

A recent development which is usually used 
on hand-held cameras was introduced because 
of the difficulty of reaching the shutter release 
lever when the camera was in use. Tlie release 
is now operated through levers bya push-button 
on the body of the camera, thus enabling the 
camera to be held with both hands. 

Some amateur photographers often wish to 
be included in groups and family scenes which 
they tslke, and also in landscapes. Numerous 
types of release have been made or improvised to 
achieve this, from systems using a slow-burning 
fuse, to those employing a long piece of thin 
black wire or string. Releases have also been 
constructed depending on the slow flow of a 
fluid in a pump or upon a clockwork escapement 
mechanism. Several accessories permit the 
regulation of the delay between wide limits, and 
others give a warning of some kind when the 
release is about to take place. It is worth 
noting that the delay of the fluid types is greatly 
affected by temperature, and types using an air 
escapement mechanism can be very inacd^ate 
at high altitudes; the calibration of clockwork 
releases is often inaccurate but their operation 
is usually very satisfactory. 

149. Interlocking of the Various Controls^ 
Among the most common mistakes made by' 
photographers are the taking of two photograph^ 
on the same section of film, or (less frequently) 
winding tiie film on without exposing it. 

In order to make cameras more foolproof and 
reduce the number of mistfidEes of this t3rpe, 
systems have been devised which interlodc the 
various operations. The most usual one is to 
have the film transport int^locking with the 
shutter release ; in tins case the film cannot be 
wound on until the shutter has been released, 
and the shutter cannot be rdcased again until ^ 
the film has been wound cm. In more advanced^ 
types, the winding of the fflm automatically 
sets the shutter, and as soon aa the film has been ^ 
moved the necessary amount, it becomes 
impossible to wind It turtber. Operation Hi the 
shutter then rtieases the ^ tnuAport and 
permits tiie next pperation. > 



CHAPTER XIII 

STAND CAMERAS: COMMERCIAL, PROFESSIONAL, AND SEMI-PROFESSIONAL 


150. General Notes. Hand in hand with the 
successive improvements in photographic pro- 
cesses, their uses increased infinitely, and thus 
different types of camera were evolved, each 
differing to a greater extent from the original 
form, until, externally at least, they no longer 
have any character ip common, each being 
designed for a special purpose. This specializa- 
tion, which is inherent to all progress, leads 
us to classify the various t3rpes of camera 
according to the purpose for which they are 
chiefly intended. 

It is obvious that with cameras for photo- 
graphing stationary subjects or posed sitters, 
the conditions to be fulMed are very different 
from those required for instruments for taking 
instantaneous views or for photographing un- 
observed a person or animal. 

The former, which are intended for com- 
mercial or studio work, are generally made in 
large sizes, without regard to bulk or weight, 
at any rate witbm certain limits, since they are 
intended for use on a rigid stand, and will not be 
carried from place to place except for special 
reasons. The latter need to be easily concealed, 
and will, therefore, always be of small sizes. 
If they ate to be of the utmost service to the 
user they must be light enough to be carried 
about constantly, so as not to risk missing any 
interesting and unexpected subjects. 

Mndem developments in sensitized materials 
and .^e design of equipment have permitted 
a pro^resrive reduction in the size of the original 
ne^tive without any loss of quality in the 
inint, ev^n though greater degrees of eodaige- 
ment aie risquired. The size and weight of the 
equipment have therefore been reduced but 
tl^ precision with which it is made has had to be 
increased to provide the necessary ^larpness 
ip the image. Whereas early in the century 
quarter-plate was considered^the smallest possible 
size, 24' X 36 mm is now normal and even 
smaffer sizes have been employed. 

The stand camera will v^, as regards the 
different movements embodied in it, according 
as it is intended entirely for sti^ use (in 
copying flat originals, photographing articles 
for Catalogue illustration, or for portraiture), 
or, as it is chkil^ for use oqt of doors, in commer- 


cial photography, architectural or landscape 
work. 

While this is a somewhat arbitrary division, 
we will confine this chapter to the description 
of cameras solely for indoor use, and of those 
which, while portable, are intended exclusively 
for use on a rigid stand. In the next chapter 
we will describe cameras generally used in the 
hand, though suitable for use also on a light 
stand for exposures of i/io sec or more. 

We shall confine ourselves to a brief descrip- 
tion, referring the reader to the makers* cata- 
logues for details. 

151. Names and Functions of the Parts of a 
Cainenu A camera consists essentially of two 
frames of which one (the front) supports the 
lens flange, while the other (the back frame) 
receives dtematively the ground-glass screen, on 
which focusine is done, or the dark slide in 
which the light-sensitive material is carried 
from the dark room to the camera and back 
again. These frames are connected by a bellows, 
similar to the bellows of an accordion, made of 
cloth or leather, which allows the distance 
between the two frames to be varied over a 
considerable range, while shutting out all light 
except that admitted through the lens. 

In the course of these movements the volume 
of air within the bellows increases and* decreases, 
sometimes to a very considerable extent, and 
air-holes must be provided in the frame of the 
ground-glass screen to prevent damage to the 
bellows. Such vents are often provided by 
cutting off the corners of the ground glass. 

Until recent years, stand cameras were 
invariably made of wood, usually m^ogany, 
reinforced by brass fitting. Now, however, 
light alloys are being used increasingly and so- 
called ** all-metal'* cameras are available, especi- 
ally in America. 

The lens flange is not fixed directly to the 
camera front, but to a lens board or Urns pand, 
which slides in grooves permitting it to move 
parallel with itself upwards or downwards 
(rising front) or towards the right or left (cross 
front). Several interchangeable panels can each 
receive the flange of one of a series of lenses in 
use. 

It is well that all lens panels should be inter- 
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changeable among all the cameras in a studio, 
or among the cameras used away from the 
studio in a commercial photographic business. 

The two camera frames are held parallel 
with each other by means of grooves in the base- 
board. One or other of them is sometimes fixed 
permanently to this baseboard. The movement 
of the movable frame (or of the two frames) is 
generally done by two pinions mounted on one 
rod. These pinions engage in two racks fixed 
parallel with the optic axis. Helicoidal racks 
(with oblique teeth) afford a finer movement. 
When both frames are movable, the front one 
is often arranged to be moved directly by hand. 
In better-class instruments it is often controlled 
by a winch-screw fixed along the longitudinal 
axis of the baseboard. In every case it is neces- 
sary to be able to fix the frames firmly in the 
position reached in the course of focusing. 

There is a tendency in modern cameras, 
especially with half-plate field cameras, to 
replace the baseboard by two parallel rods or 
even by a single central rod. On this the various 
parts of the camera can slide easily and be 
locked firmly in any position. The high degree 
of hand workmanship required for the fitting 
of accurate racks and pinions is thus avoided. 
This new system is particularly adapted for 
use with all-metal cameras. 

Camera extension is the term used to denote 
the distance between the front surface of the 
lens panel and the surface of the sensitive plate 
or film. In order to increase the maximum 
extension or reduce the minimum extension of a 
camera in certain circumstances, the lens 
board is sometimes replaced by an extension 
piece, consisting of a box, one end of which fits 
on to the camera front in place of the lens panel, 
while the other end carries the lens flange. 
These accessories are usually rectangular in 
section and are known as extension boxes. 

In the case of cameras especially designed 
for portraiture, commercial and landscape 
photography, it is advisable for the rear frame 
not to be a fixture in a plane per^ndicular to 
the normal position of the optic axis, but 
capable of inclination to 10** to 15^ on this axis. 
To do th^ it is pivoted on horizontal pins fixed 
to a larger fram which can be moved along 
the baseboard, and the camera is then said to 
have a vertical swing. A similar mounting on 
vertical pins is sometimes emplo3^d and is 
termed kmtonial swihg ot side swing. In order 
that the swing may h& used, if necessary, for 
restoring perspectives registered on a non- 


vertical plane (Chapter XLVIII), the common 
axis of the pins must be in the plane of the 
image, for otherwise this operation would 
entail interminable trials. 

When it is necessary to copy transparent 
objects and avoid reflections from the surface 
of the object which faces the lens (enlargement 
and reduction of negatives, etc.), a camera 
consisting of three frames is generally used. In 
this, the lens is mounted on the midway frame, 
while the transparent object is carried by the 
front frame. If a very long extension should be 
necessary, the lens can be fixed to this front 
frame, but as a rule it is preferred to fix it to 
the middle one, in which case the front frame 
and the bellows connecting it to the middle 
frame form a most efficient lens hood (§ 124). 

The baseboard of a triple-frame camera is 
generally formed of two portions sliding one 
within the other to avoid unnecessary bulk 
when the maximum extension is not being used. 
The front frame is then fixed to the sliding 
extension, and the movement of this extension 
from the fixed portion of the baseboard is regu- 
lated by a winch-screw operated from the rear 
of the camera. The baseboard of a camera 
which extends in this way is never as rigid as 
a one-piece baseboard, and the extension must 
therefore be supported separately. 

In the case of studio cameras and some field 
cameras, bellows of square section are used. 
The photographic plates, which are usually 
oblong in shape, can then be placed one way 
or the other as desired, the long side being either 
vertical or horizontal. For this purpose, ifi 
studio and cop3dng cameras, square dark slidel 
are often used, fitted with rebates to take the 
plate in either position. In other cameras, 
chiefly those of portable square bellows pattern, 
the rear frame is made square and is fitted with 
an attached panel (reversing hack), which 
carries the oblong dark slide and allows of it 
being placed either upright or horizontally. 

^en, as often happens, plates are used of 
smaller size than the maximum for which the 
camera is built, adapting holders or carriers 
are placed in the dark slides. It is possible to 
have a set of these carriers (called kits in the / 
United States) fitting in each other and eacV 
corresponding with a given pl^e size. 

When, however, a camera is regularly used 
with small plates, it is generally prefened to 
employ dark riides of that size, fitting these to 
the camera back by means of mn adapter. 

The dark slides used with studio cameras are 
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nearly always single slides, taking only one 
plate or film. Field cameras, on the other 
hand, have double slides containing two plates, 
one on each side of the slide. 

The slides of studio and copying cameras are 
usually closed by a fieidble curtain shutter, 
formed of thin strips of wood glued on an 
opaque fabric (roller-blind or curtain slide). To 
uncover the plate, this curtain or blind is drawn 
aside by means of a tag at the back of the slide 
after the latter has been fitted to the camera. 
Most dark slides of smaller size are closed 
by a rigid shutter or by a shutter hinged in one 
or more places. 

If the image seen bn the ground-glass or 
focusing screen is to be recorded with equal 
sharpness on the sensitive emulsion, it is essen- 
tial that the plane of the front ground surface 
of the focusing screen shall coincide exactly 
with the plane of the sensitive surface as deter- 
mined by the rebates or turn-buttons. 

IS 2 . Cameras for Commercial Copying. In 
making large-size copies of originals, as is done 
in cartographic and photo-mechanical work, 
the following arrangement may be employed 
with advantage, provided the building is not 
subject to vibration from machinery or heavy 
traffic. In such a case the various parts of the 


of cop 3 dng to same size, but also of some slight 
enlargement. For this, the exten8i<m must be 
somewhat longer than twice the focal length of 
the lens employed. In order that the same lens 
used for copWng same size or on a reduc^ scale 
may be us^ for making copies larger than the 
original, the baseboard of the camera would 
have to be of such excessive length as to be 
unmanageable in ordinary work. )^enacopying 
camera is used to make an occasional enlarge- 
ment, the usual lens is replaced by one of much 
shorter focal length. 

To a greater degree than in the case of any 
other camera, the maker must assure the absolute 
coincidence of the focusing plane and the plane 
of the sensitive plate. This absolute register 
cannot be obtained if the ordinary Idnd of 
carrier be used when employing plates smaller 
in size than those for which the camera is made. 
A universal adapter must be used. It is formed 
of two horizontal bars which can be moved up 
and down between the vertical sides of the dark 
slide, the arrangement being similar to thabused 
for supporting at various heights the lugs 
bearing the shelves of a cupboard or bookcase. 

Owing to the frequent use of wet-collodion 
plates in reproduction work, the dark slides are 
loaded from behind, and the lower bar, of 


apparatus may be made to hang from wheels 
running on a rigid frame suspended by springs 
from the ceiling. The lens is mounted on a plate 
fixed to apartition separating the dark room from 
the studio. Rails, sunk in the floor parallel 
with the optic axis, carry in the studio a 
^ travelling eaWl and in the da^k room a travelH^ 
suprort for the plate, the rails bei^ fitted with 
carmges and mechanism for moving the latter 
Moudy and holding them fixed. One of the 
advantages of this arrangement is that a dark 
slide beonnes unnecessaiy ; such a slide would 
be exceedingly bulky and heavy when the plate 
is as large as five ^uare feet in area, or larger. 

In smaller sizes it is usual to employ a photo- 
graiffiic camera of the normal type, but of heavy 
bum in the wooden parts, strt^ly reinforced 
with metd, and thus capable of withstanding 
daily wear and tear. The fine fini^ and oma- 
' mentation often lavished on studio cameras are 
ont of ]flace here. Various movements, such as 
swing and rising or cross front, which are of 
great value for other purposes, are useless or 
a native drawback in this particular case. 

Tbe rigid baseboard, made in one niece, must 
snsiire the stikt paraUelism the frames. Its 
is usually suffident to permit not only 


aluminium, is so shaped that the drippings 
coming from the plate during exposure may be 
caught on strips of filter paper. 

To check register, it is advisable that focusing 
be done in the dark slide itself after placing a 
mat glass screen in the rebate provided for 
the sensitive plate. For this reason the curtain 
of the slide should be completely removable. 
This focusing in the dark slide should be done, 
not on a sheet of ordinary glass, the surface of 
which is more or less uneven, but on plate glass, 
on which some transparent patches have bem 
left, e.g. along the diagonals, when matting the 
surface. The daik slide must run very smoothly 
in the back of the camera, but without any 
play, which can be achieved only by making 
the attaching parts entirely of metal. 

Originals to be photographed are some- 
times secured by their comers by drawing-pint 
to a board, whidti is built up of several layers of 
wood in (Krder to lessen the ri^ of wazxm)|. 
Reflection of stray light into the camera is 
avoided by blackening the face of the board to 
which ori^als are fixed. Blackening the front 
frame of the camera likewise reduces the riric of 
reflections from glossy prints or sudi as^are ' 
mbuntedundeir glass. Vsiualde originals cannot^ 
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however, be pinned ; they may be secured 
between the crying easel and the heads of 
drawing pins insert^ around their edges, or 
under cli^ sliding in grooves in the easel, or 
they may be held flat under glass, using, say, a 
printing frame fitted with springs (§ 6io) ; 
or, if the whole or part of a page of a book that 
cannot be taken apart has to be copied, a 
special frame can be used. 

Framed documents and mounted paintings 
are usually held between the jaws of an easel 
similar to an artist's easel. The copying board 
may also be held in this manner. 

As strict parallelism must be automatic- 
ally assured between the copying easel, the 
lens board, and the sensitive surface, the easel 
and the camera must be mounted on one and 
the same rigid base, at least one of the two 
being movable on rails parallel to the optic 
axis. The orientation of the object holder must 
be adjustable as required. 

In all cases where the floor of the work-room 
is subject to vibration, the rigid base mentioned 
above must be arranged so that it is free to 
move as a whole. This is done either by cords 
hanging from the ceiling or by springs fastened 
to another framework resting freely on the floor. 
The worst that can then occur is that the whole 
apparatus swings, without, however, any dis- 
placement of the camera relative to the 
original. This enables perfect sharpness to be 
obtained even if the exposures are of consider- 
able length. 

Mention must be made of the cameras, such 
as the Photostat, used in many public offices 
(banks and insurance companies) and drawing 
offices for rapidly multiplying documents. The 
original is photographed directly on paper 
supplied in spools. In order to obtain an unre- 
versed copy, the lens is fitted with a reversing 
prism {§ 123). The originals to be reproduced 
are pla^d flat on a horizontal table, or against 
a vertical plate, where they are held by suction 
or by dbDctric attraction. This type of machine 
is usually handled by non-tachnical workers, 
and is almost automatic in qperation. In some, 
even tha ^dopment and fixing of the paper, 
cut aut<»ii^tically after each cxijosure, are car- 
ried out in the machine, but this arrangement 
imi^ a larger, more costly and more careful^ 
designed bo^Mit to^avoid mjury to the wood- 
woik and mechanical paits 1^ the constant 
moisture and splashing of liquid. 

igg. Hudio Fottadt Cameras. As these 
camsm are never used outside the studio, 


considerations of weight and bulk are altogether 
secondary to those of stability and rigidity, 
Md of precision in manipulation. The camera 
is sometimes of the triple-frame tjrpe, so as to 
allow, if necessary, of the copying, ^argement, 
or reduction of negatives and transparencies. 
The long extension of a triple-frame camera per- 
mits the use of lenses of long focal length when 
required. When a long extension is not needed 
the front part of the camera acts as a lens shade, 
which is an indispensable accessory in a studio, 
where the great volume of light from walls and 
roof may cause general fog on the negative as a 
result of multiple reflections within the lens. 

The size of the largest plate accommodated 
by a studio camera is never less than 8 J x 6 Jin., 
and rarely exceeds 12 x 10 in. 

In either of its positions (on the middle frame 
or on the front frame) the lens must be fitted 
with a considerable amount of rise and fall, 
the height generally chosen for it being at the 
level of the sitter’s eyes. The camera back is 
usually fitted with a vertical swing. This per- 
mits a large lens aperture to be used, and yet 
uniform sharpness is still obtained throughout 
the image of a seated figure, the knees and face 
of which are at very different distances. It also 
allows the plate to be brought into a vertical 
plane when the front of the camera has been 
pointed downwards, as in photographing a 
child, who is often best photographed from 
some height, that being the position from wjhicb 
a child is usually seen. 

The dark slides are generally of single pattern 
with a curtain shutter, of square shape, and 
fitted with a series of rebates to take the platen 
either way ; also with sets of carriers. Moden£< 
slides are often fitted with devices enabling 
either glass plates or flat films to be used at will.. 
The focusing screen is marked, usually in 
pencil, with the outlines of the different sizes 
m common use. * 

The repeeiing back with which a studio camera 
is sonj^times fitted enables two or more negatives 
to be made in succession on the same plate, and 
allows the focusing screen to be quickly 
replaced by a slide, the Gutter of which has 
already been drawn. The repeating bade is 
interchangeable with slides oi the full size of the 
camera, uid consists of a boS^ with slide bars 
accommodating a frame thnst can be pushed 
along them until checked by stops. This irmt 
takes dark slides ot 6J x 4| iii. (in the United 
States, 7 X 3 in.) or 8 J X 6 * and a focuai^ 
screen is permanently fixed at one end of jt. 
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Velvet light*tFaps half ««inbedded in this sliding 
frame pxevent light from reaching the plate 
afte It has been uncovered. In the centre of 
the board there is an aperture of the dimensions 
of te plate (sometimes with a detachable mask 
for another size). Notches placed at the proper 
points of the ^de-bars automatically engage 
with a spring-bolt fixed on the sliding frame. 

For easy working the dark slides should be 
sufficient in number to obviate having to unload 
and refill them too frequently. 

The focusing cloth, which is needed for 
inspecting the image on the screen, must be of 


arrangement giving a larger range of movement. 
In this there is a table or top, carrying the 
baseboard of the camera, whic^ top can be 
tilted on a horizontal axis. The table moves 
up or down between two or four pillars fixed 
to a base. Pinioiis fixed beneath the table engage 
with racks on the insides of the pillars which 
sometimes contain counterweights. The top can 
thus be lowered to within a few inches of the 
floor, and can be raised to a height limited only 
by the height of the pillars. Metal bipost 
stands of this type are widely used. 

In either case the stand must be mounted on 
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perfectly opaque material (very close cross- 
weave) and of ample size. In a portrait studio 
the black cloth may be covered with a thin 
material of light colour. On some cameras 
the cloth is supported by a light metal frame 
fixed to the bai^ of the camera and forming a 
kind of hood which keeps the doth clear of the 
operator’s head. Not only is this arrangement 
a tnoft comfortable one, especially in hot 
weather, but it is required for elementary 
l^^enic reasons where several operators are 
Iwely |o fdlow each other at the same camera. 

154* The studio camera must be capable of 
bemg fixed at various heights and at various 
angles. The studio stand has long been in the 
form of a small table, or platform su^rted on 
pOlam shding vdthin the framework. Racks and 
pinions enable the front .and the back of the 
top to be raised or lowered either simultaneously 
or separately. On this system the maximum 
hei^t to wmich the top can be raised is only 
about 53 per cent more than the minimum 
height to mkh it can be lowered^ The arrange- 
ment is vei^ stable and is still used for certain 
hmiches of couuncrdal photography. But for 
portraiture it tends to be refuaced by an 


castors, allowing it to be moved easily and 
rapidly. It is preferable, especiaUy when the 
stand is to move on carpets, that the castors 
be replaced by wheels of larger diameter with 
rubber tyres. Once the stand has been brought 
into position it can be fixed there by means of 
four movable rods which project a little under the 
stand and lift it slightly, usually by operation 
of a pedal. 

Various patterns of stands, of simple construc- 
tion, similar to the former of the two types 
described, can be used with studio camtras of 
smalls. 

The camera is usually secured to the top of 
the stand by means of screw clamps. 

155. Portable Stand Cameras. Cameras for 
tectoical, architectural, and landscape photo- 
graphy (commonly known as ’’technical,” 
’’commercial,” or ’’view” cameras) and for 
outdoor groups may be divided into two prin- 
dpsl types: square bellows (Fig. 13.1) and 
taper b^ows (Fig. 13.2). Ridigity is more 
easily obtainable with the former, though at 
the expense of some flexibility of movement, 
particularly of the front, fram. The swing 
, front of the taper bellows type must be used 
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with extreme caution, for any inclination 
of the camera front tends to cause the lens to 
work at the edges of the field over which it 
covers sharply, i.e. under the most unfavourable 
conditions. As a matter of fact, the front swing 
should never be used by itself ; its purpose is to 
permit a considerable rise or fall of front by 
tilting the baseboard of the camera and then 
readjusting both the front and back into the 
vertical. 

The essential conditions that must be fulfilled 
by portable cameras are comparatively small 
bulk and weight, great rigidity even at full 
extension, and a satisfactory parallelism between 
front and back. The lens should be capable of 
being used well above or below the central 
position. To compensate for insufficient amount 
of rise or fall, the lens flange may be fixed 
above or below the central positon on the lens 
panel ; and, when using a camera of laig'^r size 
than the negatives being taken, the carriers 
for the dark slides may be cut to serve the same 
purpose. The vertical swing, which is of little 
advantage when photographing groups, becomes 
useful in landscape work, and neces.sary in 
architectural or technical photography. It must 
allow of an inclination of at least 15°. The side 
swing can occasionally be used with advantage, 
c.g. in reducing the convergence of horizontal 
lines in architectural photographs taken with a 
wide-angle lens, or in avoiding the use of a 
very small stop in taking views of a street with 
one row of houses much nearer than the other. 
The maximum and minimum extensions avail- 
able will be decided by the focal lengths of the 
lenses which it is intended to use, bearing in 
mind that in technical photography, the photo- 
graphing of small objects “ same size (exten- 
sion of twice the focal length) often needs to be 
done with lenses of comparatively long focus 
in order to avoid an unpleasant perspective. 
In extreme cases, the available extensions can 
be varied by using extension or recessed tubes 
or boxes, enabling the lens flange to be placed 
at some distance in front of the camera front or 
within the bellows at some distance behind the 
front. 

The baseboard must be fitted with a circular 
spirit level or with two tubular levels fixed at 
right angles to each other (T-level). When the 
camera has a swing back it is advisable to fix 
a plumb level to the back, 

To allow of two subjects being taken on the 
two halves of a single plate, a groove is sometimes 
provided in the camera back. A piece of black 
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card can be slipped in to mask the half of the 
plate to be shielded whilst the other half is 
being exposed. To permit of stereoscopic pic- 
tures being taken on a single plate, some 
Continental cameras are fitted with a partition, 
made pleated like a camera bellows, and guided 
between elastic cords. It is fastened to strips 
of wood, which in turn fit into recesses in the 
camera front and back. 

The sizes in which cameras of the above 
pattern are most generally used for commercial 
photography and groups are whole-plate (8J 
X 6J in.), 10 X 8 in., and 12 X 10 in. 

For the sake of reduced weight and bulk, the 
stand camera for amateur use is almost always 
made with taper bellows, as shown in Fig. 13.2. 
While less rigid than the square-bellows pattern 
and less satisfactory in affording proper parallel- 
ism of* front and back, it embodies all the 
movements of the heavier model, and, in the 
case of some of them, to a greater degree. The 
size of this light-model camera which is by far 
the most widely sold and used is half-plate 
(6J X 4jin.). Larger sizes, e.g. 8} X fijin., 
are made, but the smaller, 4J x siin., and 
particularly 3^ x zj in., are now seldom used. 

In the use of cameras for technical or archi- 
tectural photogifaphy, it is an advantage to 
focus on a ground glass ruled in squares, which 
allow the operator to judge the verticality of 
upright lines and the size of particular parts 
of the subject. In America, some cameras are 
supplied with screens having such squares ruled 
or indicated by small dots. For landscape work 
it may suffice to rule on the screen two vertical 
and two horizontal lines dividing the sides into 
three equal parts, this plan serving to set out 
the strong and weak points of composition. 
The frame of the focusing screen is usually 
hinged to the camera. 

It is advisable to sew tapes to the focusing 
cloth, so that it can be tied to the camera for 
work in the field ; a further facility is one or 
twoiead weights sewn into the comers of the 
doth. 

Mention may also be made of panorama 
cameras, which enable large groups of people or 
extended views to be taken. The camera, which 
is similar to a normal stand camera, turns on a, 
vertical axis through the film surface, while a 
roll of film passes steadily across the focal 
plane, 

156. The dark slides employed with portable 
stand cameras are generally of the double 
pattern, with single- or double-hinged shutters. 
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There are occasionally, at least in the 6i x 4} in. 
size, single metal holders, as commonly used for 
hand cameras. By virtue of their construction, 
double slides with curtain shutters (as popular 
in France) afford a better protection of the 
plate against entrance of light whilst the slide 
is being carried or is in use, for both plates are 
completely enclosed by the two curtains, and 
when one of the plates is uncovered the curtain 
that is drawn back slides over the other, thus 
giving the plate not being exposed a double 
protection. Curtain slides should not be left 
lying about with the curtains withdrawn. The 
free edge of the blind l^as then nothing to hold 
it in place, and the very thin wood is liable to 
get out of shape, thus preventing the easy 
dosing of the curtain. To ease the movement of 
the curtains in their grooves neither soap nor 
oil should be used; the proper lubricant is 
graphite (soft lead-pencil) or paraffin wax. 

In slides with rigid shutters (solid or hinged) 
the light-tightness of the sliding shutter is 
ensured by an elastic packing of thick velvet 
pressed against the slide by springs. After long 
use, wear of the velvet may cause a falling-off 
in the efficiency of this light-trap, for which 
reason it is customary to protect the slides by 
carrying them under the focusing cloth and 
by keeping the doth over the slide when drawing 
the shutter and making the exposure. Shutters 
of ebonite or thin wood sometimes let through 
their substance enough light to fog plates in a 
slide which is left expos^ to full light for a 
considerable time. In addition, they are almost 
transparent to infra-red rays and therefore 
quite useless with infra-red-sensitized materials. 

Dbuble slides with rigid shutters are of two 
patterns. In current French makes a plate is 
introduced after drawing the corresponding 
shutter, the plate being kept within the rebates 
by tunv 4 )uttons. Similarly, holders for sheet 
film are usually designed to allow insertion of 
the film after the shutter has been withdrawn 
and the bottom of the slide hinged back to 
expose the ends of two slots in the side-pieces. 
In book-farm slides, as commonly used in Great 
Britain and the United Staftes, the frame is 
made in two parts hinged together. The plates 
are loaded without (Rawing the shutters of 
touching the film side. After one of the plates 
has been put in, a partition of blackened metal 
is turned down over it. and secured by turn- 
buttons, and the whole is then folded over the 
other plate in its bed. This great convenience in 
loading is unfortunatdy sometimes erffset by 


a drawback ; in the event of any warping of the 
wood used in the construction of the hinged 
frame, the light-tightness of the latter is pretty 
certain to suffer. 

Numerous devices are employed for attaching 
the slides to the camera. The best are those in 
which sliding movement is avoided or reduced to 
a minimum, since there is the risk of the camera 
being shifted when the slide is being put in or 
taken out. All slides should be numbered on each 
side for subsequent identification of the nega- 
tives. If possible, a plate of ivorine should be 
let in ; on this, such notes as the brand of the 
plate, etc., can be written. 

157. Tripods. For heavy apparatus it is 
unfortunately difficult to obtain stands which 
are sufficiently rigid for the long exposures that 
are sometimes needed and which are also com- 
paratively hght in weight and easy in manipu- 
lation. The legs are often too short and too 
flexible, and the top is often too small for 
adequate support of the camera. 

In our opinion, the most practical model 
(despite its weight) is that known as the ''double 
box," in which each leg consists of two 
wooden channel pieces sliding in each other, 
without any hinge or joint other than the one 
connecting each leg to the top. The bottom 
Umb is solid and slides in the inner channel or 
"box." Set-screws enable the amount of slide 
to be fixed at any intermediate point desired. 
The best length of leg at full extension is 64-72 in. 
This height enables the lens to be at eye-level 
after the legs have been splayed out as desired. 
Tripods of this pattern are occasionally made for 
a much greater height. Passing mention 
should be made of the "ladder-stand," in 
which there are two sliding ladders with ledges, 
one for the photographer and the other for 
supporting a moveable platform on which the 
camera is placed. The view-point is thus 
raised 9 or 12 ft above the ground. 

The tripod with detachable folding legs and 
metal top (which latter is sometimes incor- 
porated in tl^ camera itself as a turntable) takes 
loiter to set up, and allows no variation of the 
height except by spla3mg the legs out more or 
le^, which obviously gives little latitude. Li^t 
tripods with folding legs always tend to give 
at the joints and are therefore suitable only for 
cameras not larger than half-plate for outdoor 
use only, that is to say, usually with short 
exposures. 

Telescopic metal tripods of fairly robust 
derign have been intr<^aced in recent years, 
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They are usually made of aluminium alloys 
and synthetic fibrous or plastic-impregnated 
materials. They are therefore reasonably light, 
though stronger, more rigid and more lasting 
than the wooden varieties. The better types 
have fairly large platform heads. 

While manufacturers have apparently ac- 
cepted the decisions of International Congresses 
as regards the standard of the thread of the 
tripod-screw, it is still sometimes found that a 
tripod-screw by one maker fails to fit the bush 
of a camera by another. The International 
Photographic Congress of 1889 decisions 
of which have not been accepted by English- 
speaking countries) adopted the screw known 
as “ I in. Whitworth." Most British and Ameri- 
can cameras are fitted with " J in. Whitworth" 
bushes. 

Whatever the bellows extension used, the 
camera must be well balanced on the tripod. 
For this the camera should be fitted with several 
bushes arranged so that the one affording the 
greatest stability may be chosen. 

The steel points with which tripod legs are 
shod tend to slip on pavings and polished 
parquet floors, and may damage carpets on 
which they are used. Slipping may be prevented 
by placing on the ground, in the shape of a 
three-pointed star, three chains joined to a ring 
in the centre ; the points of the tripod are placed 
in the links at a suitable distance from the 
centre. The points may even be tied to each 
other with a piece of string. When working on 
a carpet, a three-pointed star made of thin 
lengths of wood is of great service. Each len^h 
is connected to the others at one end (this being 
the centre of the star), notches being provided 
near the free ends to receive the points of the 
tripod legs. This fitment is also exceedingly 
useful on pavings or polished floors, as it allows 
of the camera and stand being moved as a 
whole without disturbing any adjustment of 
the camera, as regards level, which has been 
made in composing the subject. The tripod 
points are sometimes fitted with rubber shoes 
hollowed in the form of suckers. 

It is often advantageous and sometimes 
necessarsr to be able to tilt the camera with- 
out moving the tripod. This can be done by 
means of a tiltingn&ad fixed to the tripod-top 
and to which the camera is secured. Bau- 
mt^ockit h$0ds are suitable for light cameras, 
provided they are of robust desi^. 

When photographing extended panoramas at 
successive exposures, the prints whidi are 


subsequently to be joined up, it is of service to 
be able to rotate the camera on a vertical axis 
through an equal angle each time. For this work 
a panoramic top is used; there are several 
commercial patterns intended particularly for 
light cameras. 

158. Camera Cases. For carrying cameras 
and their accessories, use is generally made of 
waterproof cases of canvas or leather, lined with 
soft baize. Canvas cases intended for almost 
daily use should have the edges, folds and seams . 
bound with leather. Strips of wood or metal 
studs must be fixed so as to project considerably 
from the bottom, in order to protect the latter 
when the case is put down on wet ground. 
Straps, particularly those for carrying the case 
on the back or slung across the shoulder, should 
be of real leather, and their width must be the 
greater as the weight is heavier. In the half- 
plate size, the camera, dark slides, and acces- 
sories, such as focusing cloth, are often all 
packed in one case. It is then advisable to have 
a long narrow case in which the camera and the 
slides are arranged side by side. For larger sizes 
it is best to have two cases, one for the camera 
and the other for the slides and accessories. 
In the case for the tripod, space should be 
provided for accessories such as the fitment for 
preventing the tripod points from slipping. 
Every camera case which is likely to be left in 
the care of others should be fitted with lock and 
key. 

159. Hand^stand Cameras. A type of camera 
which occupies a mid-way position between 
those for use on a stand and those employed in 
the hand, is that which has been perfected 
one or two makers of high-class cameras in 
England. In general design the camera resem- 
bles that shown in Fig. 13.2, but the back is 
made considerably deeper and the baseboard is 
solid, and hinged to the back, sq that, in the 
closed position, all the moving parts are con- 
tained, as it were, in a box. These handrstand 
cameras, as they are called, are fitted with 
finders and focusing scales for use in the hand, 
and with a bush for attachment to a tripod. As 
regards movements, such as extension, rise and 
faU of front, swing l»ck, etc., they leave nothing/ 
to be desired, and the various models on tht^ 
market in England are examples of design and 
workmanship of the most p^iiect kind. These 
cameras are chiefly used in the 4} x siin. ^ 
5 X 4 in. sizes, infrequently in half-^te size. 
In the case of at least one n&ke this pattern 
camera has been made in 3| X 2} in. size. 
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i6o. CameFas for While-you-wait Photo- 
graphy. Brief reference may be made to the 
cameras (using ferrotype plates or post cards) 
with which is incorporated a box in which 
developing and fixing are done, the operator 
introducing his arms in sleeves of opaque 
material fixed to the camera, and secured round 
his arms by elastic bands. Others, for the pro- 
duction of real post cards, are fitted with a 
copying bench of simple construction, which 
folds down along the tripod while the photo- 
graph is being taken, and is then erected to hold 
the still wet paper negative when copying it on 
another post card as a positive. 

x6z. Simultaneous Production of Negative 
and Positive Inside the Camera. An invention by 
E. H. Land in 1947 enables a semi-dry print, 
in contact with the negative, to be withdrawn 
by hand from the back of the camera within 
one minute of making the exposure. I'he 
principle is basically the same as that of the 
reverb-diffusion processes of A. Rott and E. 
Weyde (§ 883), though the application is differ- 
ent. In Land’s invention, a light-sensitive paper 
is used in a camera having a normal lens, 
shutter, bellows and roll-holder. In the position 
normally occupied by the take-up spool is 
another roll of paper. This has a specially 
prepared non-light-sensitive layer and attached 
to it, at intervals corresponding to the distance 
between one exposure and the next, a number 
of pods containing a viscous processing solu- 
tion. After each exposure, the film and paper 
are drawn off together face to face through 
a pair of pr^ure rollers in the back of the 
camera, which break the pod of solution and 
squeeze the two layers together with a layer of 
solution between. The sandwich can be cut 
off by a knife on the camera-back and peeled 
apart after about 50 seconds, the paper having 
a chemicafly-produced positive print on its 
surface, which needs no fixing or washing. This 
process is often described as “One-step." 

162. Testing of Cameras. Newly acquired 
cameras need testing, and examination is also 
necessary at intervals with apparatus in service. 
The following points need attention— 

Absence of play after the various parts have 
been set in position ; parallelism of the front 
and back« tested with a square ; the two parts 
require to be perpendicular to the long sides 
of the baseboard ; agreement in register between 
the focusing screen and the dark slides ; ab- 
sence of rraections from the inside surfaces, 
Which must be covered with a dead mat 


varnish ; and absolute light-tightness of the 
camera and slides. 

In the case of small cameras the parallelism 
of the focusing screen and of the surface of the 
lens-board on which the lens flange rests may 
be tested directly as follows: On the points 
of three screws projecting from a board placed 
more or less horizontally, level a sheet of glass 
of a size closely similar to that of the focusing 
screen. After testing the horizontality of the 
glass by two cross-readings of a level, remove 
the glass and place the camera on the three 
screw-points, causing it to rest on its focusing 
screen. Then place the level in two cross posi- 
tions on the lens flange or on the front cell of 
the lens, and see if the bubble indicates hori- 
zontality. 

In order to check the register between the 
focusing screen and the dark slides, place a 
glass plate in the dark slide and fit the latter to 
the camera. Unscrew the lens and introduce a 
rod fitted with a sliding cross-piece that can be 
clamped. The tip of the rod is pressed against 
the surface of the plate, and the cross-piece is 
pushed against the lens flange and clamped at 
that point of its travel. The dark slide is then 
replaced by the focusing screen, and all that 
is necessary is to see that the tip of the rod 
touches the surface of the screen when the 
cross-piece is again placed against the flange. 
When the focusing screen and dark slides are 
fitted to the camera in the same manner, it 
suffices to see that they have the same register. 
To do this, use a thick wooden rule of perfectly 
flat surfaces, through the middle of which a 
screw has been placed so that it can be screwed 
in or out at wiU. The rule is placed across the 
front of the frame of the focusing screen and 
the screw is turned until its point just touches 
the ground surface. Plates are now put in the 
dark slides, and the rule is placed across the 
latter. If the register is correct, the point of 
the screw will touch the glass surface without 
pressing the plate back on the springs that hold 
it against the stops. 

To sec whether the camera is light-tight, take 
it into a dark or dimly-lit room and put an 
electric lamp inside it, first through the aperture 
in the lens board, a dark slide being in position, 
and then through the back of the camera, the 
lens being in place and capped. The opening 
through which the lamp has been introduced must 
be clos^ with the focusing cloth, and a careful 
inspection then made to see if any rays from the 
lamp can be detected escaping at the folds 



STAND CAMERAS 


and comers of the bellows or at the various 
joints. 

The light-tightness of the slides can be tested 
only by photographic tests, viz. by loading them 
with plates (or, more cheaply, with bromide 
paper backed by a piece of card or a glass plate) 
and then exposing them for a considerable time 
to light (preferably sunlight) in all possible 
positions. The slide is then placed in position 
on the camera, the lens capped, the shutter 
withdrawn, and the camera left exposed to full 
light. Plates or papers subjected to the above 
treatment should not show more general fog 
than material taken directly from the packet 
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and developed at the same time, nor ^uld they 
show local fog. Of course, the number of the 
slide will have been marked on each plate or 
sheet of paper, so that the defective slide may 
be identified and the fault located. 

These tests must always be supplemented, 
and may even be replaced, by practical tests 
with the camera under normal conditions of use. 
As a rule, no new and untried instrument should 
be used for any work which is of special difficulty 
or cannot be repeated. It is especially inadvis- 
able to start on any trip, still more so on any long 
journey, with a camera which has not been 
thoroughly tested. 
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163. General Notes. Owing to the great variety 
of hand cameras, a detailed description of them 
would demand more space than is warranted by 
the interest of such an account, and would 
to a toge extent be a repetition of the cata- 
logues of makers and dealers. We shall there- 
fore restrict ourselves to some notes on the 
principal types in use at the present time, 
and to the description of some of the essential 
parts. 

The first thing to emphasize is that a cheap 
camera, if handled intelligently, can yield quite 
as interesting and artistic photographs as those 
taken with a costly instrument. The superiority 
of the latter lies in the fact that it permits of a 
larger range of subjects being tackled, and 
allows of exposures b^g made under conditions 
where the owner of a cheap camera would have 
to refrain from taking a photograph. But the 
beginner stands a much better chance of success 
with a very simple camera, one with the least 
number of adjustments, than with one having 
many movements, some of which may be 
overlooked and others used wrongly. 

Let us, however, note that some makers have 
recently developed, especially in the very small 
sizes (3 X 4 cm and under), various patterns 
embodying the automatic linkage of various 
components and various safety devices, leaving 
only a very few manipulations or adjustments 
to the operator, thus removing almost all possi- 
bility of faulty manipulation. Such devices 
include the coupling of a range-finder With the 
focusing adjustment, the correction of finder 
parallax (§ *^69), the linkage of the shutter and 
iris diaplrnagm adjustments [either checked or 
actually governed by a photo-electric cell (§§ 351, 
352) with correction when a light-filter carried 
on a swinging arm is placed before the lens], the 
automatic winding of exposed film, the linkage 
of this winding mechanism 'with the setting 
mechanism of the shutter, the locking of the 
shutter until the exposed film has been woimd, 
the return to normd adjustments (e.g. closing 
ai the shutter if it has been left open after expo- 
sure, return of the shutter to ** instantaneous" 
, return of the iris to full aperture, 
of the light-filter from the lens) by the 
Hd bf ckM^g the camera, the automatic return 


of the exposure counter to zero when the loading 
door is opened. 

A prime consideration in the selection of 
cameras for use in hot and very damp climates, 
particularly in the tropics, is the choice of the 
material of which they are made. Hot, damp 
air tends to cause leather coverings and bellows 
to become detached, to warp the wood (and 
often to separate the glued joints), and to rust 
all fittings of iron pr ordinary steel. Attacks by 
insects complete the destructive effect of damp 
air on leather bellows. Teak is one of the few 
woods that resist such climates and originally 
all cameras intended for use in the tropics were 
made of it, without the use of any leather cover- 
ing. All parts must be screwed with brass 
screws. Many modem instruments, however, 
especially of very small sizes, are built entirely 
of bare or lacquered non-rusting metals or 
alloys, or with bodies moulded in materials 
which, like Bakelite, are not affected by the 
worst atmospheric conditions. 

The shutters of the dark slides must never 
be of the curtain or hinged types, for the 
wooden strips may come unstuck. Single slides 
or changing boxes of almost rustless metal 
(stainless steel, nickel, German silver, aluminium) 
should be used exclusively. The shutter should 
preferably be of simple construction, without 
parts of iron or ordinary steel, and easy to repair 
in case it gets out of order. 

164. Miniature Cameras. Since 1925 there has 
been a marked tendency to adopt smaller and 
smaller sizes, sometimes indeed beyond reason- 
able bounds (a camera has been made for 9 X 
12 mm pictures on roll-film 16 mm wide I). This 
reduction in size, involving a considerable 
decrease in bulk and weight, has been very fav- 
ourably received by amateurs and even by a 
fair number of professionals. It is indeed 
justified for various technical reasons. 

On the one hand, progress in the manufacture 
of sensitive emulsions has made it pmsible to 
obtain without any great loss of speed images of 
fine grain (§ 196) lending themselves to 
greater degrees of enlargement than previously 
possible. These advances were first applied 
to cinematographic film, hence the cholic by 
several makers of standard 35-nim dnd 
zt6 
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for loading their cameras. Further, an appre- 
ciable saving results in the cost of sensitive 
material, the only negatives that are enlarged 
being, of course, those of some value. On the 
other hand, at the same relative lens aperture 
the depth of held increases as the focal length 
of the lens becomes shorter. It is thus possible 
to use lenses of very high aperture originally 
designed chiefly for the cinema industry, and 
obtainable only in short focal lengths. 

The use on several of these cameras of inter- 
changeable lenses covering a wide range of focal 
lengths (from 2*8 to 50 cm on a 24 x 36 mm 
camera, for instance) raised difficult problems 
in ensuring in all cases precision in the indica- 
tions given by the view-hnder and the range- 
hnder. While it is possible to accept a fairly 
rough construction in the case of cameras giv- 
ing pictures usable without enlargement, or with 
only a moderate degree of enlargement, minia- 
ture cameras must be of an extreme optical and 
mechanical precision. They are therefore usually 
fairly high in price. Such precision can best be 
obtained in a rigid, non-folding instrument (see 
also §§ 166 and 176). 

As a rule no provision is made for a rising 
front in these cameras. It may therefore be 
necessary to tilt the camera when taking the 
photograph, the perspective being then cor- 
rected (§ 894) when enlarging. 

165. llie Chief Types of Hand Camera. Hand 
cameras may best classified according to their 
general shape. We shall therefore divide hand 
cameras into rigid and folding patterns, without 
considering for the moment whether they are 
for use with plates or with films, especially as 
many can be used with all kinds of sensitive 
material. 

Rigid cameras comprise box cameras of very 
simple construction intended for beginners, 
miniature cameras of high precision, and also 
the majority of reflex cameras (§176) and 
instruments derived from them. 

Folding cameras are of three main types : (a) 
folding cameras that differ from the hwd-stand 
cameras (§ X5^) already described merely by 
their smaller d&ensions and lighter weight, the 
hinged baseboard forming a protective cover 
wh^ the camera is closed ; {b) folding cameras 
with self-erecting front in wU^ the lens board 
is automatically ^oed in position and returned 
into the camm body jby mpans of jointed levers 
with spring catches, whim the baseboard is 
opened and dosed ; |c) cameras usually known 
as Press cameras, widiout a protective cover. 


the opening and closing of which resemble the 
movements in an opera hat with automatic 
locking in the extreme positions. 

166. Rigid Cameras. Rigid cameras, bulky 
and heavy, especially when fitted with changing- 
boxes for 12 or 18 plates, are no longer used in 
medium sizes such as quarter-plate except for 
some special purposes. They are, however, 
widely used as “box-cameras" in 3i x 2^ and 
smaller sizes. Such equipment is intend^ for 
beginners and has the advantages of robust 
construction, simplicity in use and suitability 
for mass-production using cheap materials. 

It is unusual for such a box camera to be fitted 
with any but a low-aperture single lens and 
focusing movement and stops are therefore 
usually omitted. The latitude of modem roU- 
fihns is* such that wide variations in exposure 
can be tolerated and the low aperture of the 
lens gives sufficient depth of field to cover 
most subjects. 

Special types of rigid cameras are used in 
technical photography — for example, for identi- 
fication portraits and for instrument dial 
recording. 

Owing to the reflection of light which may 
always take place from the walls of box cameras, 
it is essential that the walls be a perfectly dead 
black. This is usually done by lining them with 
black cloth. In certain cameras not fitted with 
a rising front, particularly those for aerial 
photography and other patterns intended for 
photographic records of wild animals, all of 
which are usually fitted with lenses of very longf 
focus illuminating a field much larger than the 
plate, protection against excessive light calls 
for a number of partitions (inside the camera), 
each with an aperture permitting only the I 
useful rays to pass. 

Cameras of the rigid type are the only ones 
suitable for use in an aeroplane, for no folding 
camera, however rigid it may seem, can resist 
the wind pressure acting on any object held 
outside the fuselage. 

Miniature cameras using roll-film or cin 4 film 
are often fitted with a focal-plane shutter. 
This facilitates the interchange of various lenses 
as well as the linkage of the mechanism setting, 
the shutter and that winding the exposed 
As the slit can travel very dose to the sendtive 
surface the efficiency is excellent, and the use of 
a narrow slit gives the fast exposures demanded 
by the lenses of wide aperture. 

very slight; depth field of the large 
aperture tenses uwaHy fitted to these cajoimB 
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and of the long-focus lenses sometimes employed 
on theta would render illusory any focusing by 
judgment of distances, so that these cameras 
must be equipped with range-finders (§ 174), and 
in order to ilow of photographing subjects in 
rapid motion it is necessary that the adjustment 
of the range-finder be coupled with the focusing 
adjustment, so as to avoid having to read off the 
distance in the range-finder and then set the 
focusing accordingly. In some cases, the camera 
mechanism is motorized, or otherwise arranged 
for operation at a high rate, in order to obtain 
series of pictures in sequence. 

167. Folding Cameras. The essential advan- 
tages of folding cameras are their small bulk 
and their extreme lightness in spite of the 
moderately large picture they take — features 
which are sometimes obtained at the expense of 
convenience in handling and of rigidity after a 
period of use. 

On cameras of this type the rising-front 
movements are generally limited, owing to the 
small size of the front and of the taper bellows. 
After raising (or lowering) the lens, it is necessary 
to centre it again before closing the camera. 
Closing must always be done gently, especially 
if one is not accustomed to this operation, for 
the space available within the casing is not 
great and if all the fitments (finder, release) 
do not occupy the exact position assigned to 
them, thus preventing the baseboard from 
closing, any force is bound to injure some 
parts. 

With most folding plate cameras, the front 
must be pushed right back into the rear body 
on to runners that form the continuation of those 
on the baseboard. When the camera is opened, 
it is therefore necessary to pull the front out 
to the stops, which latter are usually at the 
“infinity” position. To do this, the front is 
drawn forward by finger grips on the carriage, 
these acting as damps when the carriage is in 
positibn. 

In the Press pull-out type, with stretcher- 
struts, the accordion-pleat^ bellows are some- 
times replaced by a leather bag completely 
open at the extended position. The I^Uows 
are to be preferred, for the folds stop very 
oblique rsLys not used in forming the image, 
and are not likely to reflect them in the direction 
of the sensitive surface. When opening or 
dosing these cameras the front and the back 
diottld be kept as par^l as possible in order 
to avoid bending the jointed levers. Cameras 
with fbldkig levers are generally opened by a 


slanting pull, but care must be taken that both 
the levers of a pair are working together, in 
order to prevent them from being bent. 

As a rule these cameras allow of ample rise 
of front. 

Hand cameras of the folding type have been 
available in sizes up to postcard (5J X 3tin.) 
or larger, but are not now generally made in 
sizes larger than 2J x 4 Jin. Press cameras 
are made up to x 4f in. 

168. Focusing of Ha^ Cameras. Except for 
folding plate cameras, which are less popular 
than formerly, hand cameras are not normally 
fitted with focusing screens and, except in the 
case of reflex cameras (§ 176), direct focusing on 
the subject is not possible. The extension of 
the camera must be brought to the proper dis- 
tance by means of a scale (§ 87) graduated 
in distances of the subject.^ It then sufiices 
to bring the bevelled edge of the pointer on 
to the mark corresponding with the distance 
chosen. 

With box cameras, focusing was done by 
moving the lens in a helical mounting (§ 112). 
This is also employed in some modem folding 
cameras, especially in Press cameras. A 
convenient variation, fitted to some of the smaller 
roll-film cameras allows the front cell of the lens 
only to rotate in this way (§ no), thus focusing 
by optical adjustment. In the folding cameras 
with lazy- tongs and “scissor" levers the varia- 
tion in extension is sometimes obtained by 
restricting more or less the opening of tlie levers 
by an adjustable stop linked to a bolt actuated 
by a screw fixed in the rear frame, the stop 
drawing with it the pointer placed against a 
focusing scale.* 

The range of extension thus obtainable is 
very limited, so that these cameras are not 
suitable for use with lenses other than the one 
which the maker has fitted. At the most, they 
may be fitted with a rigid or folding rear exten- 
sion, put in place of the dark slide, wlUch is 
then fitted to the other end of the extension- 
piece. By this means it is possible to use one 
element of a convertible lens (§ 103) or lenses 

* In cameras of British and American makes the 
scale in metres is replaced by one in feet. It is 
always well to test the scale of a new instrument. 

* It would be a very good thing if the focusing 
scales of cameras intended for use at eye-level could 
be arranged so as to be visible from the back of the 
instrument, as commonly done on cinematograph 
cameras, with which the lever of the focusing mount 
is prolonged as a rod that projects beyond the top edge 
of the camera front. 
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of greater focal length than that fitted to the 
camera. 

Cameras of the folding type, especially those 
with double extension, afford fair scope in 
focusing and allow of small objects being 
photographed. It is possible, within certain 
narrow limits, to fit other lenses, but if that 
is done, it will, as a rule, be impossible to close 
the camera without removing the lens. 

169. Finders. In photographing a given sub- 
ject with a camera held in the hand, the instru- 
ment must be fitted with a finder enabling the 
photographer to see whether the subject is or 
is not included in the useful field of the lens at 
the moment when the shutter is released. 

The finder may be required to indicate only 
the direction in which the lens is pointed, but in 
almost all cases it is used to show exactly the 
limits of the field included. Let us hasten to add 
that in many of the cameras at present made 
the finder does not merit the confidence that one 
is led to place in it, so that the checking of the 
finder is a necessary precaution with any camera. 

The problem of the finder is, moreover, a 
somewhat complex one if it is desired to solve 
it with desirable precision. 

To begin with, we must note that except where 
the axis of the finder coincides with the axis of 
the lens, a condition that is fulfilled only in 
single-lens reflex cameras (§ 176), a finder which 
has been adjusted to indicate for distant objects 
the same field as that given by the lens, indicates, 
at very close distances, a field which is not in 
agreement with that of the camera, the differ- 
ence increasing as the object is nearer and the 
axes of finder lens and camera lens are more 
widely separated. The differences between the 
image in the finder and the image in the camera 
are of the same order as the differences in the 
two images of a stereoscopic pair. In some 
modem cameras this "parallax error" is over- 
come by a mechanical link between the finder 
and the focusing movement which enables 
the field of view of the finder to correspond 
exactly with that of the lens at distances down 
to a few feet. Nevertheless it must be pointed 
out that this correspondence between the two 
fields will only be true for the main subject focused 
on. The position of both foreground and back- 
ground in relation to the main subject will still 
not be the same for both images. 

Another difficulty results from the rising and 
falling movements of the lens, which movements 
lose much of their value if agreement between 
the finder image and the camera image is not 


attained, at least approximately, for all degrees 
of rise or fall of lens. 

170. Ground-glass Finders. The simplest 
form of ground-glass finder is used only on 
cheap box cameras (without rising front) and 
consists of a miniature box camera fitted with 
a bi-convex lens of focus fin. to lin. and 
provided with a tiny mirror at 45®, by which 
the image is reflected on to a horizontal piece 
of ground glass. This may be partially shielded 
against surrounding light by a hood which can 
be folded down over the ground glass when the 
finder is not in use. The image seen in the ground 
glass is very small and often dim ovidng to the 
small aperture necessary with an uncorrected lens. 

A very well made pattern of this type of 
finder constitutes one of the two chambers of 
the twin -lens cameras described below {§ 177). 

171. * The Brilliant Erecting Finder. In many 
cameras of the folding type a finder similar to 
that just described is used, but the ground glass 
is replaced by a convergent lens with a mask 
cut so as to show the image obtained with the 
camera held vertically or horizontally. If the 
image is not formed exactly in the front nodal 
point of the convergent lens, it does not remain 
stationary in the mask of the finder when the 
eye (the correct position of which is not indicated 
in any way) is moved. The limits of the field 
are therefore very badly defined ; all the more 
so as the image usually measures not more than 
about J X fin. It is true that the image is 
very bright, so bright, in fact, that the beginner 
is tempted to under-expose. To allow of use^ 
when the camera is used either way of the oblong 
format, these finders are mounted on a pivot to 
allow of their being turned over. As the camera 
can usually be closed only when the finder is in 
one position, closing may result in the bending 
of . the finder bracket, and thus destroy the 
agreement between the field of the finder and 
that of the lens, assuming such agreement to 
have been present in the camera as sold. 

. A* finder of this kind is only admissible in 
cameras which have no rising front. In various 
cameras some regard, at least to an approximate 
extent, has been paid to the rising front by 
causing the finder to tilt either by means of a 
cam fixed to the lens or by hand setting iii 
correspondence vdth a scale indicating tiie 
various degrees of rise. 

A non-decentring finder can be of some use 
if its field satisfactorily agrees with that of the 
lens. If a given pmnt of the subject, such as 
the top of a monument, touches the upper 



PHOTOGRAPHY: THEORY AND PRACTICE 


edge of the finder image, and if the camera 
lei^ is raised half an inch, we know that there 
will be a space of half an inch above the top of 
the monument in the photograph. 

X72. Direct-vision and BrilliantFinders. Perfect 
finders, at least when they are correctly mounted, 
consist of a frame of sheet metal or wire of 
the same size as the picture to be formed in 
the camera. These are fixed to the camera front 
(on which they can be turned down when not 
in use) so as to follow the lens in all its move- 
ments. This frame finder is completed by a 
sight, fixed near the back of the camera in a 
position such that a line passing through the 
sight to the centre of the frame is parallel with 
the optic axis of the lens when the latter is 
not decentred (Huillard, 1900). The parallax 
error with near objects can be corrected to a 
satisfactory degree in practice by mounting the 
sight on a sliding stem with a scale correspond- 
ing with the various distances of subject. The 
same result can be achieved by piercing the 
plate of the sight with several sight-holes, each cor- 
responding with a given distance of the subject. 

Instead of fixing the position of the eye 
relative to the frame by means of a sight 
(which is always troublesome to a wearer of 
glasses) a second frame may be used. This is 
similar to the first, but of smaller dimensions, 
and so placed that the straight lines joining 
corresponding comers of the two rectangles join 
together exactly at the sighting point. In this 
form, however, the finder no longer automatic- 
ally follows the decentring of the lens. If the 
distance between the two frames is one-fifth of 
the focal distance (L. Benoist, 1897), the 
decentring of the larger frame must be one-fifth 
that of the lens. There is then no advantage in 
using a frame of the same size as the picture. 

In order to retain the benefit of the automatic 
concordance of the field in the case of decentring, 
while reducing the size of the finder, the plan 
has been adopted of filling the space of the 
frame with a divergent lens. This arrangement 
is known as a Newton finder. The two axes, 
vertical and horizontal, of the frame are usually 
engraved on the divergent lens. The sight is 
sometimes fitted with a convergent lens. It is 
necessary^ that the divergent lens used should 

* The proof of this fact would lead us too far. It is 
given by £. Wallon, in Butt. Soc. Fr. Phot., 1901, pp. 
isi-r^x. It is easy to see if the finder has the required 
loosl length by otiMrviag that a combination which is 
practically afocal is obtained by bnoging the camera 
lens and the finder lens' together. 


have a focal length equal to that of the objective, 
that its frame should have linear dimensions 
half those of the image recorded in the photo- 
graph, and that it should be placed at a distance 
from the sight equal to the focal length, the 
divergent lens being fixed on the lens front and 
the sight being fixed on the camera back 
(Gillon, iqoo). This finder, unlike the one des- 
cribed above, does not show the same image as 
the lens when the extension differs greatly 
from the focal length. 

Let us add that all the conditions given 
here, which ensure the perfection (for practical 
purposes) of the direct-vision brilliant finder, 
are by no means invariably fulfilled in all 
cameras fitted with finders of one or another of 
these patterns. It often happens that a given 
finder is fitted to very different cameras with- 
out any arrangement for compensating for the 
decentring of the lens. With brilliant finders 
of the divergent lens or plain-frame pattern, 
intended only to indicate the centre of the field 
of a camera not fitted with a rising front, the 
sighting eyepiece or pin is sometimes replaced 
by two crossed blades in planes parallel with 
the optic axis. These blades partially mask 
the frame unless the eye is plac^ in the same 
straight line along which they intersect each 
other. 

In some cameras the divergent lens is fixed in 
a convenient position, and the eyepiece is 
replaced by a pin which follows the movements 
of the lens. The centre of the field is then 
indicated fairly correctly, whatever the amount 
of rise or fall of lens (except, of course, when the 
subject is quite close), but the margins of the 
field are not exactly shown. In some cameras 
not fitted with an eyepiece, the correct field 
is generally seen by placing the eye on the line 
joining the centre of the finder lens to the pin, 
the cheek and nose being pressed against the 
back of the camera. The angle of view can 
also be marked on two adjoining sides of the 
camera. 

One distinct advantage of the direct-vision 
brilliant finders is that, in the case cd moving 
objects, it is possible to watch with the nak^ 
. eye the oncoming moving object in the direction 
which at the proper moment becomes the nonnal 
line of sight. 

The use of direct-vision brilliant finders has 
increased in recent years and most of the tietter 
quality hand cameras are now fitted with ot^&e 
type or another, often built into the camera 
body and sometimes parallax compemaled by a 
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mechanical link to the focusing mechanism or 
by setting a pointer to the distance. 

x73« Varioiis Other Finders. Among the other 
finders used on some cameras may be mentioned 
the telescopes of the Galilean type (opera-glass) 
or of the astronomical t}^, either straight for 
use at eye-level or in an elbow form for use at 
waist-level, fitted with a graticule for indicating 
the centre and, in some cases, the margins of 
the field. The focusing of these telescopes is 
sometimes done by sliding a tube graduated in 
distances, the finder then acting as a range- 
finder. 

Telescopic types of finders of fixed focus have 
become more popular in recent years, but in 
most instances suffer from the fact that their 
exit pupil is so close to the body that those 
wearing glasses cannot satisfactorily use them. 

There is also another type of finder, commonly 
known as the Alhada finder, which consists of 
a normal optical direct-vision finder, with the 
concave near surface of the front lens lightly 
silvered. The frame which holds the eyepiece 
of the finder, has on its front surface, facing 
the concave mirror, a rectangle or series of 
rectangles of suitable dimensions in white. 
On looking through the finder the subject is 
seen with the limits of the field of view clearly 
defined by the virtual image of the white lines, 
which appear in space apparently at the plane 
of the subject. 

174. Range-finders. As far back as 1890 
Dallmeyer proposed for this purpose two finders, 
one fixed and the other pivoting by the action 
of a cam linked with the focusing mechanism ; 
the camera was correctly focused when the 
subject appeared in the centres of both finders. 
This arrangement has been simplified by using 
two optical systems, suitably separated from 
each other, the images of which are superimposed 
after one has been reflected on a mirror or prism 
which is turned through an angle by the focus- 
ing movement. In Fig. 14.1, the eye 0 sees 
directly an image of the subject aim^ at, and 
another image of the same subject after two 
reflections in the mirrors M and Hi. The mirror 
M is pivoted on an axis A and linked to a 
lever L held by a spring R in constant contact 
with a cam C coupM in some convenient 
manner to the lens-focusing mechanism. The 
mixTor am therefore pass from the orienta- 
tion M to the orientation Jf' 'when the lois, 
first locused on a very distant object P, is 
focused on a near object Q. The camera is 
correctly foouaed on a given subject when the 


two superimposed images coincide in the por- 
tion covering that subject. 

A colour &ter is, as a rule, inserted in one of 
the optical paths so that the two images are 
more easily differentiated. 

In some cases, the two mirrors are so designed 
that, instead of two superimposed images, one 
image is seen split in half horizontally. Each 
half corresponds to a part of one of the images 
referred to above and correct focus is achieved 
when the two halves exactly match to produce 
a single picture. 

P 



Fig 14. 1. Diagram of a Coupled Range-finder 


The accuracy of focusing is all the greater as 
the base MMi is greater and as the subject is 
seen at apparently greater size. The range- 
finder, therefore, sometimes includes magnifjnng 
lenses. It can on occasion constitute a view- 
finder as well. 

There are also on the market various t3rpes of 
coincidence range-finders, separate from the 
camera. In these, the orientation of the movable 
optical system is governed by a cam joined to an 
external knob bearing a distance scale. The 
distance of the subject being thus known, 
focudng is effected by means of the camera 
focusing scale. 

In some cameras, particularly those with 
coupled rangefinders, the depth of field of the 
lens at any focusing distance is indicated , b> 
means of a depih a/ fiM sede. This may be 
on the lens mount so that it reads dir^ly, 
when the lens is set, or as a separate guide on 
another part of the camera. In either case, it 
can refer to lenses of one focal length only and 
k calibrated in teams of distances and stop 
numbers. 
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175. Levels and Plumbs. It is desirable to be 
able to level the camera when holding it in the 
hand and sighting the subject, in order both to 
avoid the distortion which is produced if the 
sensitive surface is tilted and the reduction 
in the size resulting from the trimming which 
becomes necessary. 

When the camera is held at waist -height, its 
level can be indicated by a circular spirit level 
or by two tubular air-bubble levels placed at 
right angles to each other ; the levels must be 
placed near the finder or over it. The spirit 



Fig. 14.2. Rbflex Camera 


in the air-bubble levels tends to evap)orate 
by the join between the concave glass that 
forms the cover and the metal body of the level. 
Levels have been made in which a steel ball 
rolls on a concave surface, but the ball is too 
mobile unless immersed in a viscous fluid such 
as a mixture of water and glycerine. 

For sighting at eye-level, various plumbs or 
levels visible in the viewfinder, or plumbs on 


was constructed only in a form similar to that 
of box cameras. At the present time there are 
folding models, made to meet the objection of 
bulk often advanced against this type of camera, 
unless of small site. The principle of these 
cameras is shown in the sectional diagram 
(Fig. 14.2). When the camera is not in use, the 
plate P is covered by a focal plane shutter. 
Some reflex cameras are fitted with a lens shutter, 
the mirror protecting the sensitive surface 
sufficiently while the image is being sighted. 
The rays from the lens 0 fall on a mirror arranged 
at 45® in the plane bisecting the angle between 
the sensitive surface and the ground glass D, 
which latter is shielded from surrounding light 
by the hood C. In these conditions, if the lens 
is in such a position that a sharp image is formed 
on the sensitive surface ab, the reflected image 
a'h* will also be sharp on the ground glass and 
vice versa ; the image on the screen is the right 
way up, although the wrong way round. 

As reflex cameras cannot be used conveniently 
except in their normal upright position, they 
are usually fitted with a square reversing or 
revolving back, which carries the dark slide 
in one or other position. In some of the more 
highly priced models the rotation of the back 
automatically operates a mask, which thus shows 
an upright or oblong picture on the ground 
glass. Otherwise the latter is clearly marked 
with the edges of the upright or oblong picture. 
There is usually only a vertical rise and fall of 
front and this only to a limited extent. The 
usual sizes of reflex cameras range from 3^ x 
2j in. to X 4j in. As the camera is hardly 
ever carried in a case, the lens is protected by a 
rigid flap of wood or metal, which can be set at 
various angles and serves as a sky shade. 

The camera, which is often hung from the 
neck by a strap, is held in both hands, one 
actuating the focusing knob while the subject 
is being followed on the screen. When it is 
judged that the favourable moment has arrived 


the outside of the camera, have been suggested. 
These are now rarely fitted and it is usually 
found in practice that the camera can, with care, 
be held sufficiently nearly level. Modem 
photographic practice tends to minimize the 
importance of the strict observance of verticals 
except with subject-matter which would nor- 
imdly be photographed with a stand camera. 

176. Rdte Cameias. The reflex camera, 
tot suggested by Sutton in 1861 and made in 
practical form by C. R. Smith in 1884, only 
became popular about 1900, and for a long time 


for taking the photograph, the release which 
operates the mirror is pressed. The mirror 
rises to the position M' against stops, thus 
effecting a light-tight closure of the upper 
portion of the space within the camera. The 
focd-plane shutter is then inunediately released 
which uncovers the sensitive surface for a time 
fixed by the speed setting. 

To set the camera for taking another photo- 
graph the mirror is allowed to drop and the 
shutter set again, either automatically or by 
hand. 
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An ordinary mirror, silvered beneath the 
glass, would produce a double image on the 
focusing screen, and cannot therefore be em- 
ployed in a good instrument, as the finest 
focusing is not possible. The silvering requires 
to be on the surface of the glass presented to 
the lens, and is usually protected by a very 
thin coat of varnish, which does not interfere 
with its optical performance. To avoid occasion 
for the re-silvering of the mirror, care must be 
taken not to finger or rub the surface. Any 
dust that may settle on it should be removed 
very gently by means of a clean and perfectly 
dry brush. On some cameras built recently a 
mirror of stainless steel has been fitted. 

The advantages of a reflex camera are obvious. 
The image is seen on the screen until just before 
the exposure is made and is of the same size 
and has the same limits as the picture taken, 
whatever the camera extension and degree of 
use of the rising front. There is no finder which 
affords this facility. Focusing is more easily 
done at the full aperture of the lens, but it 
would be contrary to the very principle of the 
reflex to require the operator to turn the camera 
round to set the lens aperture for the necessary 
depth of field. Some makers have provided 
a special form of iris diaphragm tor this contin- 
gency. The lever of the iris is kept constantly 
pressed by a spring which tends to close the 
diaphragm. This lever is held against stops 
which can be placed at any desired point of 
the diaphragm scale. For focusing, the lens 
is set at full aperture, the lever being held by a 
catch which is freed by the release of the mirror 
and thus brings the smaller stop into operation 
for the exposure. 

The range in extension is sufficient to allow 
of some latitude in the choice of a lens, an 
advantage that is offered by scarcely any other 
hand camera. This latitude is increased by the 
fitting of an extension piece to the camera front 
(some cameras are specially built for lenses of 
very peat focal length), but the use of the 
reflex is incompatible with the use of wide-angle 
lenses on account of the necessity of leaving a 
clear space for the passage of the mirror. In 
the case of a X 4I in. square reflex, the 
shortest focal length which can be used is 6 in., 
or a little less if the camera is built for oblong 
pictures only. The chief objection to the reflex 
camera is the practical impossibility of using it 
at eye-level. To meet this difficulty, some 
makm fit a sighting hood arranged homontally 
above the ground glass and fitt^ with a mirror 


at 45“ to the latter. The picture on the ground 
glass may thus be seen in the mirror. 

It is curious to note that in the minds of 
many amateur and professional photographers 
the reflex is regarded as specially intended for 
Press photographers and, generally, for the 
photography of rapidly-moving objects Yet 
specialists in these two branches of work con- 
sider it unsuitable, and prefer to use cameras of 
the folding focal-plane type. 

Nevertheless, the reflex is the best hand 
camera for the great majority of photographic 
work, artistic and scientific and especially for 
the photography of animal subjects. Its only 
disadvantages are its price, necessarily high in 
view of the complexity of its mechanism, and 
— ^in the case of box models such as the one in 
Fig. 14.2— its bulk and weight. 

177, Twin-lens Cameras. The method of 
focusing a rigid or folding camera by means of 
an auxiliary lens of the same focal length as the 
main lens, but less fully corrected, was used in 
the past, but was abandoned almost at once as 
being very cumbersome at a period when plates 
of size under 7 x 5 in. were scarcely used. This 
idea has been successfully revived in some film 
cameras of miniature size, in order to give the 
user the same facilities that a reflex would give, 
a reflex being difficult to build with such short 
focal lengths as are usually employed. The 
auxiliary camera is then of the reflex type, but 
with a fixed mirror. For sighting at eye level 
a mirror that can be lifted has, however, been 
used, the ground glass and its hood being 
then placed on the back of the camera. 

The differences in the framing of the two 
images are then compensated for by decentring 
or swinging the auxiliary lens, or by moving a 
mask under the ground glass, all such adjust- 
ments being actuated by the focusing movement 
so as to ensure the coincidence of the fields 
included in the plane of space-object conjugate 
tathe plane of the sensitive emulsion. 

In ‘some of the cheaper types of twin-lens 
reflex, no focusing movement or stops are pro- 
vided on the auxiliary lens and the viewing 
assembly therefore becomes, in effect, merely 
a full-size ground-glass viewfinder. 

To facilitate the examination of the image the 
customary ground glass is sometimes replaced 
by a plano-convex lens of which the plane sur- 
face is finely matted, the lens then acting as a’ 
collecting lens (the marginal rays being thus 
turned towards the observe^ , and as a magnifier. 
More recently the margin^ illununation on 
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the viewing screen of twin-lens reflex cameras 
has been improved by the introduction of a very 
thin Fresnel lens just beneath the screen. A 
focusing magnifier is sometimes carried by a 
movable arm inside the hood. 

To reduce the depth of field of the auxiliary 
lens and thus permit of more accurate focusing, 
this lens is sometimes of a relative aperture 
greater than that of the main lens, or it may 
even be of greater focal length in spite of the 
mechanical difficulties presented by the linkage 
of the focusing movements of the two lenses. 

178. Sensitive Material. Hand cameras can be 
used with plates (glass support), films (trans- 
parent flexible support), or sensitized paper 
(§ 239). The films may be in long strips (roll 
film) or in cut sizes. By far the greatest number 
now made are roll-film cameras. 

Various attempts, attended with little success, 
have been made to supply plates packed in such 
a manner that the packet can be placed in the 
camera in full dayhght. Plates are usually 
carried in dark slides for one or two plates, 
which are detachable and may be purchased 
in any number required. In the past, changing 
boxes for 6, 12, or 18 plates have been used in 
place of plate-holders but these are now rarely 
seen. 

Films cut in sizes are supplied either for use 
like glass plates, in the same slides or boxes, 
or in spe^ packings called film packs. A 
film pack is itself a changing box for 12 films, 
and only needs placing in a special adapter 
(film-pack adapter) interchangeable with the 
dides or boxes. In order to fit cut sheet films 
in some dark-slides intended for plates, cut-film 
sheaths or adapters are required. 

Roll-film, formerly us^ in roll-holders of 
somewhat complicated construction, is held 
inside a roll of opaque paper which, in conjunc- 
tion with flanges of the spool on which the 
film is wound, aflords full protection against 
light, thus permitting of loachng and unloading 
the holder in daylight. This roll bears numbered 
marks visible from outside through a window of 
red celluloid. To reduce the price of the cameras, 
and also to compel to a certain extent their pur- 
chasers to use roll film exclusively, the detach- 
able roll-holder was largdly repla^d by a film 
magazine built in as an inte^al part of the 
camera. Some roll-film cameras, however, can 
be suf^lied with sp^al backs adapted to allow 
the use of dark sHdes for plates, while roll- 
holders axe stiE obtainable for use in some cam- 
eras intended for plates. 


Wlien using panchromatic film in a roll- 
film camera the red window must be covered 
except during the time strictly necessary, after 
each exposure, to centre the next number in the 
window. Cameras of recent construction are 
fitted for this purpose with a flap kept closed 
by a spring (sometimes the flap only opens 
when the winding key is being turned). In the 
absence of such a flap, the outside of the window 
should be covered with a piece of opaque 
adhesive material, usually supplied with each 
spool of panchromatic film. Various arrange- 
ments of multiple windows permit in some 
cameras (fitted with removable masks) the use 
of roll-film for picture sizes other than the 
normal one. 

The methods of loading the various slides 
and changing boxes differ to such an extent on 
the cameras of various makers that a detailed 
description cannot be given. The instructions 
sent out with each camera should be followed. 

179. Single Metal Slides. Although double 
dark slides with curtain shutters are used 
with some hand cameras (§ 156), it is far more 
usual to employ single metal slides, made of 
stamped sheet steel or nickel, with a metal 
pull-out shutter, such slides being cheaper, 
lighter, and more compact. All these slides 
should, of course, be numbered for identification 
of the exposures. 

Dark slides are used in preference to a plate 
or sheet-film magazine inside the camera to 
ensure the avoidance of any risk of jamming 
and to introduce the possibility oi taking a 
selection of plates of various kinds or for 
various purposes. Also, as the camera is loaded 
with only the one plate, it is less heavy and cum- 
bersome to use. 

In some cases confusion between slides 
containing unexposed plates with those con- 
taining exposed plates may be avoided by turn- 
ing the other side of the shutter outwards 
when replacing it after exposure. Mention may 
also be made of the various devices (coloured 
tags, catches which automatically lock the shut- 
ter when is is replaced after exposure) for pre- 
venting two exposures on one plate. 

It is usually possible by means of carriers to 
use in these shdes plates of size smaller than 
the normal. Cut films and paper can also be 
used by placing them in holders, of which 
various patterns exist (book-form, sheath, or 
stretcher) or, in some cases, by the use ^ a 
metal sheet covered witii a suitwie adhesive. 

Ibis review of holders for plates would not 
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be comjdete without a reference to the special 
slides or adapters intended for loading in day- 
light by the use of envelopes of stout opaque 
paper each containing one plate. The envelope 
is opened when the shutter of the adapter is 
drawn and closed when it is pushed back. In 
England this envelope system was at one time 
widely used by Press photographers. 

i8o. Roll-iiiin Cameras. It is to George East- 
man (1889) that the invention of the rolL-film 
holder and of the appropriate packing of the 
film is due. The forms originated by him differ 
little from those in use at the present day. 

Two spools, one empty (B) and the other (B') 
with film wound on it (Fig. 14.3), are placed on 
either side of the camera proper, their end disc 
pieces being fitted to pivots, one of which can 
be turned from the outside, whilst both pairs 
act as axes of rotation. After taking off the 
detachable cover CC, the spools are placed in 
position on their pivots, noting that the two 



Fig. 14.3. Roll-film Chancing Mechanism 


spiools must be placed inversely to each other, 
the groove in one of the discs of the spool placed 
in B having to fit the pin of a winding-key 
operated from outside the camera. Four to 
six inches of the black or red paper wound on 
the spool are unwound and the taper end in- 
serted in the slot of the empty spool at B. A 
few turns of the key are given to wind the paper 
tightly round spool B, and then the back CC is 
replaced. Some fifteen half-turns of the key 
are then given, the paper passing from B* to 
B, and moving without friction over the rollers 
rr\ As soon as the film, carried by the paper, 
reaches the field of the lens, a warning sign 
appears in the red window V, and is soon 
followed by the figure z, shewing that the film 
is in position for the first exposure. After 
making the exposure the key is turned until 
the figure 2 appears, and so on. After taking 
the 1^ photograph (the spools are usually for 
6, 8, 12 or 16 exposures, according to the siee 
of the pictures), the key is ^ven about fifteen 
halMums, and the cover then taken off. 
The windiag of the paper is then continoed, 
pressing the fingers veiy gmiUy on the spool to 


prevent the paper from uncoiling when it is 
no longer kept under tension by the spring 
which brake the supply spool. The spool is 
then removed and seal^ with the gumm^ strip 
attached to the end of the black or red paper. 

i8x. The spools with wooden centres, on 
which the metal flanges were forced by pressure, 
are usually replaced in the current sizes by 
all-metal spools which are of more accurate 
manufacture and often of smaller diameter. The 
space between the flanges must permit the rolling 
up of the film and its wrapping paper, but with- 
out sufficient play to admit light. The slit in 
which the tongue of the paper is engaged must 
be exactly standardized. The spool must be 
sufficiently rigid to resist deformation by torsion 
of its axis which would result in unequal tension 
of ‘the film and sometimes cause scratches on 
the emulsion. When travelling from one spool 
to the other the film slides on the wrapping 
paper, and for this reason it is secured only by 
one of its ends. In spite of this sliding a film with 
paper backing can never be perfectly stretched 
in the image plane. For this reason it has been 
necessary in very small sizes, i.e. such as need con- 
siderable enlargement, to use naked film (§ 184). 

When a folding camera has been closed and 
then opened with the film in position for the 
next view, it is advisable to stretch the film 
by turning the winding key slightly, as the 
fihn may have been slackened by the air eddies 
inside the camera. 

182. A very ingenious device has been used for 
identifying the negatives as they are being 
taken (autographic film and cameras, H. J. 
Gaisman, 1913). Instead of a single opaque 
paper wrapping for the film, two papers are 
used, one a "carbon" paper, as used in duplicate 
books, and the other a thin red paper. Neither 
of these is completely opaque alone. The 
back of the camera is provided, a little beyond 
the edge of the picture, with a narrow slot 
udiich is kept covered by a spring flap. Fol- 
lowing an exposure, the flap is raised and 
the desired note is made with a metal stylus, 
attached to the camera. An ordinary lead 
pencil, not too finely pointed, may be used 
instead of the stylus, but never a copyix^ pencil, 
as the colour of the latter may come off on the 
sensitive surface of the next turn of film. No 
mark appears on the surface of the red paper, 
but the coating on the underlinng carbon paf^ 
is removed wh^ the stylus has pressed on it. 
The sli^t play between thfi enahlei 

the light, dxlrased^by ffie red paper, to act on 
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the film through the inscription thus stencilled 
on the carbon paper,, the camera being pointed 
to the sky (but not to the sun) for this purpose 
with the flap open. The flap is then closed and 
secured. The special roll-films required for this 
system are no longer manufactured. It is 
interesting to note, however, that a somewhat 
poor image of the writing can be obtained on 
ordinary roll-film material purely by the pres- 
sure exerted by the stylus, which enables some 
silver halide grains to be developed. 


tive surface of the plate into the plane normally 
occupied by the sensitive surface of the film, 
and thus permit of the usual focusing scales 
being employed. With most adapters, however, 
a correction of the focusing is necessary unless 
the camera is fitted with a second focusing 
scale, engraved in a different colour or clearly 
marked “ Plates." 

184. The necessity to use bare film in minia- 
ture cameras fitted with large aperture lenses 
in order to avoid defective flatness due to the 



Fig. 14.4. Film and Tab of Film Pack 



Fig. 14.5. Construction of Film Pack 


183. Various improvements in the construc- 
tion of film cameras have been suggested, and 
some of them have been applied, without, how- 
ever, coming into general use. To ensure 
the flatness of the film, which is especially 
necessary with lenses of large aperture, film 
cameras are made in which the film is pressed 
against a sheet of glass by a plate, the 
pressure of which is relaxed during the time 
that the exposed film is being changed. Films 
kept for long in a very dry atmosphere will 
occasionally become crinkled at the edges 
and then fail to give sharp pictures, unless 
the lens is used with a very small stop. To 
permit focusing on a ground-glass screen, which 
IS impossible with the usual cameras, the 
film-holding part of the camera has been made 
separate from the rest, or attached to it by a 
hinge, a shutter being fitted to the film-holder 
part to allow of detachment. To simplify the 
changing , of the exposed section it has been 
suggested that the turning of the key should be 
replaced by a pull on a cord instantly wound 
back by a spring, or by a threaded rod pro- 
truding from a tube like the mechanism of an 
Archimedean drill, and causing the rotation of 
the take-up sp^ol. Various devices have been 
evolved for using a camera with spools of size 
smaller than the normal one (junction pieces 
for the pivots and metal masks restricting the 
lei^h 01 the exposed film). 

Reference must lastly be made to the common 
use of adapters for dark slides for plates, inter- 
changeable with the ordinary back, or attachable 
to the film camera after the ordinary back has 
been removed. Some adapters bring the sensi- 


sliding of the film on the paper (§ 180) has led, in 
order to facilitate the winding of the film and 
the working of a counter, to the adoption of 
35-mm cine film with two marginal rows of 
perforations, leaving between them a usable 
space of 25 mm width. 

This film is usually supplied for 20 or 36 
exposures 24 x 36 mm (the length of 36 mm is 
equal to six times the pitch of the perforations) 
in a special cassette in lengths of 2 ft 6 in. or 5 ft 
of which about 6 in. are sacrified at the free end 
of the strip as the leader, suitably tapered for 
attachment in the camera in dayhght. To 
avoid losing a similar length at the otlier end 
the exposed film is not wound completely on to 
a second spool but into a receptacle from 
which, after all the exposures have been 
made and before opening the camera, it is 
returned to the charger by rotation of a milled 
knob turning the core of the cassette. To 
make this return possible the interior end of the 
film strip must not be detached from the core, 
as would happen if. after the final exposure, an 
attempt were made to overcome the resistance 
then felt to unwinding. If this accident should 
occur the film cannot be returned to the charger 
until the camera has been opened in a dark 
room. 

In miniature cameras of this type, an attempt 
is often made to make the camera semi-auto- 
matic. The film-winding mechanism may set 
the shutter and, in such cases, an interlock is 
usually provided to prevent either unintentional 
double exposures or blank frames. 

Z85. Film-packs. The cut-film packing form- 
ing a changing box for the films it contains 
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still retains the name of “ film pack ” under 
which it was first issued in 1903 by the Rochester 
Optical Co. To avoid abrasion of the sensitive 
surface (§200) during changing, the emulsion 
of these films is covered with a very thin 
(0*004 mm) supercoat of hardened gelatine. 

Each of the 12 films P (Fig. 14.4) is attached 
(on one of its short sides) by an adhesive strip 
Jl to a long band B of lacquered opaque paper 
ending in a tab L. The 12 films (only two 
are shown in Fig. 14.5) are placed in a pile 
in a thin sheet metal box with a fixed interior 
partition, which is extended as a kind of 
metal gutter, and with a rectangular cut-out with- 
in which the film is exposed. The tabs of the films 
are led round the gutter and project from the cas- 
ing. They are covered with a band (of the same 
paper) which forms the safety cover of the pack. 
Between the fixed partition and the pack of 
films there is a plate of thin metal. It is held 
away from the partition by springs and presses 
the safety cover against the cut-out and the 
films against the safety cover. Strips of felt 
press the tabs together at the point where they 
emerge from the casing, and another strip of 
felt presses the curved portion of the paper 
bands against the convex surface of the gutter. 

In use, the pack is placed in an adapter 
interchangeable with the dark slides of the 
camera. This having been done, the rear 
tab (the tab of the safety cover) is pulled so as 
to uncover the first film. The pull must be 
steady and gentle ; a violent, sudden pull may 
tear the tabs before the films have been changed. 
After the first film has been exposed it is trans- 
ferred to the rear compartment by pulling the 
tab marked No. i until there is felt a resistance, 
due to the extra thickness of the film and 
adhesive strip. The protruding length of the 
band of black paper is then tom off by pulling 
it sideways against the metal edge of the 
adapter. The changed film remains attached 
to a sheet of black paper bearing the number i, 
thus allowing of the negatives being identified. 
The second film is thus in place ready for expo- 
sure. After it has been exposed it is changed by 
pulling tab No. 2, and so on. When the twelfth 
film has been changed the pressure plate is 
pressed against the cut-out and closes it. The 
pack can then be removed from the adapter 
in daylight and replaced by a fresh one. After 
removing the ex^ed films from • the metal 
box the latter 1$ thrown away. The frail 
construction of film packs renders them very 
liable to be bent by any abnormal pressure, and 
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this may lead to difficulties in changing or to 
the occurrence of streaks of fog, particularly 
along the edges. A film pack should never be 
carried in the pocket except in the cardboard 
box in which it is sold, and care should be taken 
not to crush it in trunks or suit-cases in which 
it may be packed. Only a few manufacturers 
make film packs available under present-day 
conditions. 

186. Tripods and Pocket-supports for Hand 
Cameras. An exposure of i/io second is usually 
the longest that can be given with the camera 
held in the hand without risk of movement due 
to the involuntary movements of the body. 
While some cameras can be placed level on a 
table or a window-sill, it is not always possible 
to find a steady support or a wall conveniently 
placed against which to hold it. If the user is 
not to be greatly limited in his work with a 
hand camera, an indispensable accessory is a 
tripod, or at any rate one of the many patterns 
of pocket accessories by which the camera may 
be fixed to a very large number of natural 
supports. For the purpose of steadying a camera 
held in the hands it has been suggested that the 
instrument be held in a state of tension by 
securing a long strip to it and keeping this latter 
anchored under the operator's foot. 

A hand camera must therefore have, on at 
least one side, a bush of the standard Continental 
screw-thread (§ 157), or the Anglo- Amerfcan 
thread. Nearly all metal tripods are fitted with 
the English screw and with an adapter with an 
interior (female) thread of the English standard 
and the Continental thread outside. If a 
camera with the Continental thread is being 
used, it is well to solder this adapter on and so 
avoid losing it. Continental cameras often have 
a similar adapter fitted into the bush, which 
should be similarly soldered if an English 
tripod is in use. There is a growing tendency to 
fit one bush only and to rely upon a ball-and- 
socket head for pictures in the other format. 

It is of course not possible to consider the use 
of the solid wooden tripods made for portable 
professional apparatus, for such a tripod would 
be heavier and more bulky than the camera 
itself. Nearly always telescopic metal tripods 
are used, in which the legs are divided into 
sections sliding or folding one in another. The 
rigidity of an extended leg leaves more to be 
desired, as the diameter of the tubes is jailer 
and the number of sections is increased with the 
object of reducing the length' for can^g. 
Weight for weighty it is preferable to use tnpo^ 
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with aluminium tubes of large diameter fitted 
with brass slide-sleeves rather than tripods with 
slender brass tubes. Tubes of triangular section 
can be quite sturdy without the total section 
of the tripod being too large, as the legs fit 
closely against each other. The length of the 
legs is regulated by drawing out a greater or 
less numl^r of sections. As a rule, the sections 
lock automatically as each is fully extended 
(some tripods with cylindrical legs have a 
bayonet catch), and for closing all that usually 
needs to be done is to press one catch on each 
leg, the whole leg then collapsing on applying 
a fairly sharp push. 

Some manufacturers supply tripods which can 
be taken to pieces and spare parts obtained to 
replace any that become worn, but metal stands 
which do not bear a manufacturer’s mark are 
usually irreparable. 

Tripods have been supplied, though not to 
a large extent, with a screw ring around the 
head by means of which the degree of opening 
of the legs can be regulated and the tripod 
can thus be prevented from slipping. It has 
also been suggested that the head should be 
fitted with a thick disc of felt or rubber, the 
elasticity of which allows the camera to rotate 
without having to turn the whole metal tripod. 

There can also be obtained commercially ball- 
and-socket heads, usually of too light a construc- 
tion, and panoramic hea^ for the same purposes 
as with professional cameras (§ 157), 

The pocket supports have their uses. They 
usually comprise a base, with screw, for the 
camera, and a ball-and-socket uniting the base 
to a kind of joiner's clamp. The latter enables 
the^ fitment to be fixed to the back of a chair, 
handlebar of a cycle, fence, or door frame. 
In some cases the support can be fixed to a 
tree-trunk or mast by a steel ribbon or chain 
which 4»ui be drawn tight by an eccentric 
fastenii^. 

167. Tests of a Hand Camera. In addition to 
the tests already described (§ 162) for profes- 
sional cameras, especially as regards the coinci- 
dences of the planes of the focusing screen and 
of the sensitive surface, the examination of the 
lens (§ 115) and of the shutter (§ 146), which are 
usually integral parts of the camera, there is 
. need, in the case of a hand camera, to make the 
following tests. 

In canmas with tapering bellows, see that 
the picture is not cut off by the bellows, 
e^ieoally when the rising front is used to any 
extent. 


In all cameras fitted with a focusing scale, 
verify, either by examination of the image on 
the screen, or, better, by a practical photo- 
graphic test, that test-objects such as a sheet of 
printed matter facing the camera, placed at the 
various distances marked on the scale, are 
really rendered sharply. 

In all cameras fitted with finders it is necessary 
to see that there is at least a reasonable degree 
of agreement between the picture in the finder 
and that in the camera. If necessary, a finder 
which shows too much subject must be masked 
with bands of gummed black paper or with black 
varnish. Of the two evils, it is better that the 
finder should show less subject than the camera 
records, since the negative can be enlarged if 
the image is smaller than is desirable. 

It is also well to see if it is possible to fit a 
colour filter to the lens if required, and if the 
thread of the tripod screw fits that of the bushes 
on the camera so as to allow of the latter being 
properly fixed on the tripod. 

x88. Care of the Camera. A camera treated 
properly can give long service while retaining 
all its original qualities, but any wrong handling, 
and any attempt to force it to open or close with- 
out loosening the catches or replacing in p)osition 
the various parts, may result in serious damage. 

Parts where there is friction (baseboard 
runners, grooves of dark slides and shutters 
therefor, etc.) must be lubricated from time to 
time, preferably with graphite, e.g. with a car- 
penter’s pencil at an angle, and with ^ich it is 
easy to apply a very thin film of graphite, which 
considerably reduces the risk of premature wear. 

A photographic camera must never be left 
in a damp place, for the ivoodwork may swell, 
the leather covering may come imstuck, and 
the metal parts may rust or become covered 
with verdigris. If a camera has been exposed to 
rain and particularly to sea-water, it should 
be wiped with as little delay as possible. It 
should then be placed in a dry place, until the 
bellows are quite dry. A piece of waterproof 
cloth enables the camera to be properly pro- 
tected when necessary. No less important than 
the avoidance of a fall or sudden knock is that 
of constant vibration which in time caqses the 
loss of screws fixing the parts together. A 
camera case should not be attached rigidly 
to the handlebar of a cycle, nor put on the floor of 
a car. From time to time a polish compel of 
wax and turpentine should be rubbed on the 
woodwork and leather covering and metal 
parts should be rubbed with a rag very slightly 
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greased with petroleum jelly. Bellows of var- 
ni^ed leather must never be greased. They 
should be dusted from time to time with talc 
and the excess then wiped off. This prevents 
the folds from sticking together. 

All the interior parts should be cleaned fairly 
frequently with a brush and dry rag. 

Special precautions must be taken with dark 
slides and steel sheaths. They must never be 
left in a dark-room, where it is always somewhat 
damp. When in process of loading and unload- 
ing they should be placed on a perfectly dry 
table, secured from risk of splashings of liquid. 
Blackened steel rusts very easily, and the rust 
comes off in flakes and is likely to adhere to the 
sensitive surfaces and cause spots, for which 
there is no remedy. When slides and sheaths 


are likely to remain unused for a long period 
it is well to grease them very slightly with 
petroleum jelly, but they must be freed from the 
grease with a dry rag before using them again. 
These accessories are easy to damage if clumsily 
handled, and a dark slide or shutter that has 
been bent is usually not light-tight, while a 
bent sheath is likely to scratch Sie emuMon 
surface of the plate behind it. 

A camera should never be left in a cupboard 
except in its case. The lens should be cleaned 
(§ 1 16) from time to time, but not to an undue 
extent, the surfaces being liable to injury as 
the result of improper cleaning. Finally, it 
should be remembered that the shutter must 
never be oiled, and that it must not be taken to 
pieces except by an expert. 
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CHAPTER XV 

THE NEGATIVE : GENERAL REMARKS ON PHOTOGRAPHIC NEGATIVE PROCESSES 

189. The Wet Collodion Process. Of the many viewed by transmitted light, is more or less 
different photographic processes which were opaque: viewed by reflection, especially in 
practised before the introduction of modem front of a dark background, it appears white, 
gelatine-silver bromide plates and lilms, the as do almost all images obtained by physical 
only one which is still commonly used commer- development. This property was formerly used 
daily (photo-mechanical reproductions, copying for obtaining direct positives, thus imitating to 
originaJs for enlargement, etc.) is the some extent the Daguerreotype, the forerunner 

process. In this process each sensitive plate is of the ferrotype portraits of travelling photo- 
prepared by the user immediately before it is graphers. 

required (the plate not being dried until the All these processes, including fixation, must 
various stages of the process are finished) by be carried out in yellow light, 
coating a sheet of glass with a layer of collodion Under otherwise equal conditions, wet collo- 
containing a suitable mixture of bromides and dion plates require some twenty times as much 
iodides. As soon as the collodion is set, the exposure as a gelatine-silver bromide material 
plate is immersed in a solution of silver nitrate, of lowest speed. The advantages of the wet 
and by interaction between the silver nitrate collodion method arc the high resolving power, 
and the ammonium and cadmium bromides and the extreme rapidity of the whole operation, 
iodides, silver bromide and silver iodide are and the ease with which the emulsion can be 
formed in the collodion film whilst the ammo- stripped from its support, 
nium and cadmium nitrates go into .solution. 190. The Gelatine-Bromide Process. The 
After draining, the plate is exposed in the manufacture of gelatine-silver bromide plates, 
camera and tiken to the dark-room. However films, and papers is exclusively an industrial 
long the exposure given to the plate, no visible proce.ss. The emulsion of which the sensitive 
image appears. The image is described as latent coating is made is obtained by mixing under 
from 4he Latin laUns, meaning hidden. It suitable conditions, in the presence of gelatine, 
can be rendered visible only by the process of solutions of silver nitrate with bromide and a 
development, i.e. by treatment of the plate with small amount of iodide of potassium. In this 
a solution containing reducing agents (combin- way minute crystalline grains of silver bromide, 
ing readily with oxygen), e.g. a solution of ferrous with a little iodide, are formed. After washing 
smphate,‘1lirith the addition of an acid to retard so as to remove the residual soluble salts, 
the process and render it more regular. The the emulsion which is a milky suspension of the 
developer reduces the silver nitrate impregnated crystalline grains in gelatine is coated on the 
in the film to silver which is deposited in minute appropriate support and put on the market 
particles only at those points on the plate which after sorting, cutting-up, and suitable packing, 
have been exposed to light, the amount of silver When such an emulsion is exposed to light, 
deposit increasing with the amount of exposure, no change is directly observable, except perhaps 
thus giving an image. This method of develop- that after a fairly long time it darkens slightly 
ment by precipitation of the silver contained from its original yellowish appearance. Light, 
in the developer is always spoken of as physical however, will form a latent image in a silver 
devdopment. After rinsing, the image is freed bromide-gelatine emulsion just as it does in a 
from the silver salts which served as a temporary collodion emulsion. 

support for it by treating it with a solvent of The resulting negative image appears only 
siimr iodide, e.g. a solution of sodium cyanide, when the emulsion is treated with a complex 
TIris process is called fixing. The silver deposit solution, the developer. The essential con- 
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stituent; the developing agent itself, is a reduc- 
ing substance chosen from amongst a fairly 
limited number of chemicals. With silver 
bromide emulsions the process known as chemical 
development is used almost exclusively, the 
image being formed by reducing directly to 
silver the silver halide grains affected by light. 

The silver obtained by chemical development 
is usually in the form of minute mat black 
particles, the agglomerations of which retain to 
some extent the appearance of the original 
emulsion crystals, but have a spongy structure 
comparable with that of coke. After rinsing, 
the excess of silver halides is removed from the 
image since they reduce the contrast and are 
unstable. This process of fixation is carried out 
in a solvent for silver bromide which is generally 
a solution of sodium thiosulphate (hypo). The 
negative thus obtained is then washed to remove 
the soluble salts, and tinally dried. 

Instead of dissolving out the silver bromide 
whilst allowing the reduced metallic silver to 
remain, the silver may be dissolved out and the 
silver bromide left. Wien the remaining silver 
bromide is reduced a direct positive image is 
obtained, i.e. an image in which the density 
distribution is the inverse of that in the normal 
negative. In this way a direct positive is 
obtained. This, however, is not as a rule of 
good quality, unless special emulsions or more 
refined techniques are used. 

.Silver bromide-gelatine emulsions may be 
physically deifeloped either before or after fixing, 
but as the coating does not contain any soluble 
silver salts, a solution of silver nitrate must be 
added to the developer. 

Lastly, it should be mentioned that develop- 
ment and fixation can be carried out simultane- 
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ously, by mixing a developer and sodium 
thiosulphate in suitable proportions. 

This procedure is, however, of little practical 
importance. 

The processes mentioned above must ob- 
viously be carried out in the absence of all light 
which can act on the sensitive materials used. 
It will be seen later that a very weak orange-red 
or green light is generally employed. 

It is possible, however, to desensitize the 
emulsion, after exposure in the camera, by 
treatment in a very dilute solution of certain 
substances, coloured or non-coloured, the actual 
coloration, however, playing no part. A 
desensitized emulsion may be developed in 
ample yellow light, or even in weak white light. 

The negative obtained by the normal pro- 
cesses does not always possess exactly the desired 
qualities. Its contrast may not be sufficient, 
in which case it is necessary to intensify it. Its 
density may be too great and it may then be 
advantageous to submit it to the process of 
reduction} 

Local defects in the negative or in the 
subject, or in the distribution of lights and 
shadows in the subject, may call for spotting, 
retouching, or working-up. Finally, it may be 
necessary to separate the gelatine film containing 
the image from its support, especially from the 
glass on which it was coated, with the object of 
reversing the image laterally; this process is 
known as stripping. 

* Here and elsewhere throughout the text the 
established English words reducer and reduction are^ 
used for the French affaiblisseur and affaiblissement 
respectively, that is to say m respect to reduction in 
the photographic sense. It is hardly necessary to point 
out that, chemically, the reduction of a silver image is 
an oxidizing process. — Ed. 
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PREPARATION AND PROPERTIES OF NEGATIVES : GELATINE-BROMIDE EMULSIONS 


191. General remarks on the Prepuation of 
Emulsions. The photographic emulsion is not 
an emulsion in the normal sense of the word, 
but a suspension of microscopic crystals of 
yellowish silver bromide in gelatine. The 
dimensions and sensitivities of the individual 
crystals differ widely. 

The gelatine itself nas been recognized to be 
of considerable importance for the sensitivity 
of emulsions. Gelatine is extracted from bones 
or skin clippings of cows or pigs and vanes 
considerably from batch to batch. These 
variations can only be smoothed out by blend- 
ing a large number of batches. The gelatine 
molecule contains on an average some 15 
amino acid groups joined together. Gelatine 
is insoluble in cold water, which, however, 
hydrolizes the molecules, so that, at room 
temperature, 20 g of gelatine give up 0*05 g of 
hydrolized gelatine to one litre of water. (S. C. 
Goddard, 1942). This solubility explains why 
mildew is often formed on used photographic 
solutions. 

It has been known for a long time that 
gelatines from different sources (or even different 
lots from the same source) possess marked 
differences in their photographic properties. 
Some of them give much more rapid emulsions 
than others, although these differences can only 
be shpwn up by actual practical photographic 
tests. Following from an observation by R. F. 
Punnett in 1924, S. E. Sheppard has found that 
these differences are due to the presence in 
varying proportions (from 1/200,000 to 
1/1,000,000) of sensitizers, amongst them being 
thiosinaniine (allylthiourea) and mustard oil 
(allylisothiocyanate) . 

According to Steigmann (1928), sodium 
hyposulphite, which is formed from cystine 
during the process of lining of the gelatine, 
can akK) play the part of a sensitizer. 

Emulaions are usually prepared by pouring a 
neutral or ammoniacal solution of silver nitrate 
into a slightly warm solution of gelatine con- 
taining potassium bromide with a small propor- 
tion of iodide. The mixing should be done 
dur^ constant agitation, e.g. in a mixer, thus 
ayoimng the possibility of any local excess of 
aSver mtiate. The conditions under which the 


mixing takes place, influence considerably the 
final characteristics of the emulsion. Slow, 
fine-grained emulsions are prepared from dilute 
solutions of salts, mixed in the presence of a 
large proportion of gelatine. Coarse-grain 
crystalline rapid emulsions are prepared from 
concentrated solutions of silver nitrate and 
potassium bromide mixed (all at a time or in 
several separate additions) in the presence of a 
small proportion of gelatine, the silver nitrate 
solution being introduced slowly, say over the 
course of 30 minutes, at constant temperature. 
Silver bromide-gelatine emulsions prepared with- 
out iodide have a white to pale yellow colour, 
whilst those containing a certain proportion of 
iodide are light greenish yellow. Both colours, 
however, change rapidly in light. 

The emulsion thus prepared is then subjected 
to the process of ripming, which consists in 
heating it for a certain time at an accurately 
controlled temperature, in the presence of a 
silver halide, such as a surplus of bromide ions, 
or ammonia. During this process, which is 
often described as Ostwald ripening, the average 
size of the grains increases, the larger grains 
growing at the expense of the smaller ones. A 
sufficient quantity of a concentrated solution of 
gelatine is then added, so that after setting, 
the emulsion becomes a fairly stiff jelly. 

After setting, the emulsion is shredded into 
noodles of about |in. in diameter. Whilst in 
this form the emulsion is subjected to long wash- 
ing in cold water until the excess of bromide and 
nitrates formed during the reaction, or any 
ammonia, are complete^ removed. The washed 
shreds are then kept in a cold store until they 
are used. 

After draining, the shreds of the emulsion 
are nielted in a water bath and the emulsion 
submitted to a second ripening often called 
after-ripening or digestion during which the 
speed increases often to a considerable extent. 
In the absence of silver halide solvents, no grain 
growth occurs. Chemical reactions take place 
between the gelatine and the sulphur sensitizers 
to produce traces of silver and silver sulphide 
on the gprain surfaces. These traces constitute 
the sensitivUy specks (§ 198). Sensitizer excw, 
or , prolonged heat treatment at too a 
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temperature, gives rise to chemical fog, a 
proportion of the grains becoming spontaneously 
developable. Incomplete digestion produces 
an emulsion whose sensitivity increases gradually 
on keeping. Different substances (doctors) are 
then added to the liquid emulsion, in particular 
chrome alum, which raises the melting point of 
the gelatine after it has been coated and dried ; 
traces of potassium bromide (about i part 
to 100 parts of silver halide), which gives a 
cleaner image; certain dyes for colour sen- 
sitizing (§ 218), and, lastly, wetting agents 
(saponin, etc.), which lower the surface tension 
of the emulsion, and thus facilitate coating. 
In this form the emulsion is coated mechanically 
on any given support, previously given a 
substratum which varies with the nature of the 
support and which is used to ensure that the 
emulsion adheres to the support during the 
various photographic manipulations. 

Paper emulsions arc, as a rule, prepared by a 
different procedure, since they are neither 
washed nor subjected to an after-ripening 
treatment. The acidity or alkalinity of the 
medium at any one stage in the preparation of 
the emulsion influences considerably the photo- 
graphic properties of the coated layers. 

192. In spite of the considerable progress 
that has been made in the application of the 
methods of physical chemistry to the scientific 
control of the different phases of the manufac- 
turing process, the preparation of photographic 
emulsions is still largely an empirical art. This 
is not likely to change until the intimate 
causes of sensitivity and the exact nature of 
the latent image arc known, and as long as 
the manufacture of gelatine, a material of 
vital importance in the making of photographic 
emulsions, does not itself make the considerable 
progress which at present it shows no sign of 
doing. The position will improve if and when 
the gelatine can be replaced by a substance 
which is chemically less ill-defined. 

193. The art of the emulsion maker lies in 
precipitating the silver salts in the fonn of 
grains having the desired photographic qualities, 
with a certain regularity and uniformity, in 
commercial quantities and over long periods. 

WhiM it is relatively easy to obtain the 
necessary metallic salts with the desired degree 
of purity (total absence of copp^, iron, and lead 
salts, the causes of desensitization and fog), the 
scientific testing of gelatine for photographic 
emulsions still l^ves much to be desired, and is 
alw^ supsdemented by an actual manure- 


turing test on a semi-works scale. The proper- 
ties of gelatine, even of the best-known brands, 
vary considerably from one batch to another, 
and especially from one season to another. 
These variations can be compensated for only 
by blending. Gelatines always contain different 
amounts of substances, formed by their degrada- 
tion, of which some, soluble in cold water, are 
eliminated by washing, while others, which are in- 
soluble, are sometimes useful and sometimes harm- 
ful in altering characteristics of the emulsion. 

194. In photographic factories most elab- 
orate precautions are taken in order to maintain 
constant the conditions under which the manu- 
facturing processes are carried out, and to avoid 
all external causes of contamination. 

A photographic manufacturing plant generally 
fonns an enclosed space, and is connected with 
the outside only by self-sealing doorways for 
the passage in and out of the staff and materials. 
The air used for ventilation and drying is 
filtered free from dust and brought to constant 
temperature and relative humidity generally 
by washing it in chilled brine, which frees the 
air from dust and excess humidity, and then by 
passing it over heaters. 

The precautions taken to ensure cleanliness 
and asepsis are at least as thorough as in the 
best surgical operating theatres. The staff may 
enter the part where the emulsions are made only 
when wearing special overalls and head-gea^. 

Rigorous chemical control is kept of the 
various raw materials as well as of the emulsion 
itself during manufacture and afterwards., 
Lastly, before the final coating takes place, a 
test coating is carried out to ascertain the 
photographic qualities of the emulsion. The 
silver is recovered from any unsatisfactory . 
batch of emulsion. All those coated and issued 
under a maker’s trade-mark may be regarded as 
emulsions of perfect quality, with their different 
characteristics lying between well-defined limits. 

.. 195. The Sensitive Emulsion. Emulsions vary 
widely in their characteristics, according to 
the maker and the purpose for which they are 
used. A typical emulsion for negative cin^ 
work has given the following figures (1924) — 

Emulsion (dried in air) .per square foot; 
42 to 70 gr— 

P9rc§ntag§ Proportions of th$ Constituents 

Water so 

Gelatine 55 

Silver chloride . . (tracee) 

Silver bromide . t . 33 to 32 

SflveriodMe * , . atos 
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Gelatine is considered to be “dry” when it 
does not contain more than about 15 per cent of 
moisture; in this state it is very flexible, but 
it becomes very brittle when the water content 
drof>s to 10 per cent. 

A negative emulsion generally shows a very 
feebly alkaline reaction. Its melting tempera- 
ture when swollen in warm water is about 
95** (35** C.) in the case of fairly new plates 

and Aims, and increases slightly with age. 

Z96. Microscopic examination of suitably 
diluted emulsions (Fig. 16. i) shows that the 
grains of silver halide in an emulsion have very 



Fig. 16.1. Photo-mickograph of the Grains 

OF A DILUtED FAST NEGATIVE KmULSION 
X 4,000 

^ (S. E Sheppard) 

different shapes and sizes. Under sufficiently 
large magnification the grains can be clearly 
seen to 1^ crystalline and the forms identified 
with those derived from the “cubic” system. 
In emulsions prepared under neutral conditions 
(ripened with excess bromide), the grains are 
triangular or hexagonal tablets of thicknesses 
between 1/5 and 1/15 of their diameter. The large 
flat faces arrange themselves, during drying, 
parallel to the free surface of the gelatine. In 
emulsions prepared with ammonia, the grains' 
are largely cubic in shape, with rounded comers 
and ei^es. Microscopic examination in polar- 
ized light shows double refraction, indicating 
the existence of internal strains which extend 
to the gelatine surrounding the grains. 

In any one emulsion, the grains have very 


different sizes, even in cases where the emulsion 
is not made by mixing two emulsions prepared 
separately. As a general rule the variation of 
the grain sizes is greater in sensitive than slow 
emulsions. In a single emulsion the large 
grains arc always more sensitive than the 
small ones and contain a larger proportion of 
iodide. In an ultra-rapid emulsion having about 

500.000. 000 grains per square centimetre, with 
diameters lying Ix^tween o-2 and 3-9 thousandths 
of a millimetre, the distribution between the 
various sizes has been found as follows-- 

Less than o-oor mm 61 per cent 

From 0 001 to 0 002 mm 32 per cent 

I'rom 0*002 to 0*003 ^ cent 

Beyond 0*003 mm 1 per cent 

The areas of the largest grains are about 200 
times those of the smallest. In a slow emulsion 
for rejiroduction purpo.ses, having about 

3.000. 000.000 grains per square centimetre, the 
ratio of tlie extreme areas was not more than 
I to 10. 

The different properties of the grains of a 
single emulsion can readily be demonstrated by 
exposing a piece of plate or sensitive film to a 
very bright light ; a microscopic examination of 
the film then shows that the different grains 
become coloured at very different rates. 

If all the grains of an emulsion had the same 
sensitivity, it would be impossible to register 
with such an emulsion any values intermediate 
between black and white, since, in each region 
of the film affected by the light, all the grains 
would become developable at the same moment. 

In emulsions which differ from one another 
merely in the duration of precipitation, sensi- 
tivity is proportional to the mean projected 
area of the grains. This simple relation does 
not hold if the emulsions are prepared under 
different conditions, especially with different 
gelatines. Thus it is a simple matter to make a 
slow coarse-grain emulsion. On the other hand 
we have learned in recent years how to prepare, 
specially for sub-standard cinematography, 
emulsions which are at the same time more 
sensitive and of finer grain than those used for 
photography with larger negative sizes. 

After the grains have b^en reduced to the 
metallic state by development, they are roughly 
similar in shape to the original emulsion grains. 
As a rule the developed grains are somewhat 
enlarged, more or less regularly, the enlargement 
being greater the more energetic the developer 
used. ^ 

The free surface of the dried image, seen by 



PREPARATION AND PROPERTIES OF NEGATIVES 


135 


reflection, appears the shinier the fewer and 
smaller the silver grains. The clear portions of 
an image in a slow emulsion, clearer than those 
of an image in a rapid emulsion, are always 
more shiny. Superficial reduction, dissolving 
the grains nearest the free surface, leaves a 
uniformly shiny surface. 

When a sensitive layer is exposed, a fraction 
of the incident light is scattered and reflected, 
another passes through the layer, a third is 
absorbed within it. It is only this third fraction, 
which is absorbed by the silver halide grains 
and which is photographically active. The 
distribution of light between the three fractions 
varies considerably as between different types 
of emulsions. By way of an example, we 
reproduce below some of the measurements by 
J. Eggert and W. Noddack (1923) on two types 
of silver bromide-gelatine plates which were 
not dye-sensitized. 



Sensitive. Emulsion 

Process Emulsion 

length 

Percentage 

Percentage 

in // 

Kef'd 

Abs’d 

Trans'd 

Kef’d 

1 Abs’d j Trans'( 


H 

90 

2 

1 . 

«4 

4 

4»5 

18 

7<» 

() 

23 

6() 

8 

4QO 

51 

26 

23 

60 

20 

20 

t>i5 

.5.5 

1,5 

3« 

59 

12 

2() 


197. The Latent In^e. With pure dry 
crystals of silver bromide, Hartung (1922) has 
demonstrated that the visible blackening (print- 
ing out) produced by light is caused by metallic 
silver, and that bromide is released at the same 
time. It seems but logical to assume that the 
latent image also consists of silver, but in 
amounts much smaller than those which con- 
stitute the visible print-out image. 

One of the earlier hypotheses has been that 
both the latent and the print-out image are 
formed by an intermediary product, the sub- 
bromide of silver (Agj,Br). Numerous attempts 
to demonstrate its existence, however, have 
never produced anything but a mixture in 
variable proportions of silver bromide and silver 
in a highly disperse state (colloidal silver) 
attached to the sUver halide (Carey Lea,' 1887). 

H. Hilsch and R. W. Pohl (1931) have carried 
out important experiments on the liberation of 
various metds from their halides by means of 
different kinds of radiation. Thus they haVe 
ex|Msed thick silver bromide crystals to 
radiation which was sufficiently penetrating to 
affect the whole depth of the oTstal (X-rays), 


the exposure time being so chosen that the energy 
absorbed was similar to that which produces a 
latent image in a photographic emulsion layer. 
In the crystal, the silver caused an intense 
violet coloration. If silver were released in the 
same concentration in an emulsion layer, and 
spread out in a continuous layer, it would be 
no more than two ten thousand millionths of 
a millimetre thick. 1 1 is clear, therefore, that so 
small an amount must remain invisible. 

On the other hand analytical methods based 
on the study of X-ray diffraction diagrams have 
revealed that metallic silver is present in a pile 
of sensitive emulsion layers exposed to light 
but not showing any visible discoloration. 

Numerous other experiments confirm the 
hypothesis that the latent image consists of 
metallic silver. One of the most convincing 
pieces* of evidence is an old experiment by 
Luther (1899). Silver bromide or chloride- 
gelatine plates are exposed so as to produce either 
a latent image or a print-out image. The 
plates are then cut into strips and treated in 
pairs in oxidizing baths of various strengths. 
One finds that from a certain strength upwards, 
the latent image and the print-out imago are 
destroyed simultaneously, whereas neither are 
weakened or destroyed in a weaker bath. 

The destruction of a latent image by a 
bleaching bath only refers to the silver situated 
on the grain surfaces. Latent image can be shown 
to exist inside the grains, where it escapes the 
action of a bleaching bath and where it can 
be revealed by a developer containing a silver' 
halide solvent, by development following treat- 
ment in a silver halide solvent (A. Kempf, 1937) 
or by breaking up the grains by treating the 
emulsion with iodide ions. These transform the 
silver bromide crystals into a polycrystalline 
mass of silver iodide so that the developer can 
reach the internal image (Liippo-C/amer, 1924). 
Meidinger (1937) has managed to determine 
the amounts of superficial and internal image 
by very delicate micro-analytical methods. 
Internal silver in appreciable quantities was 
found only for very intense illumination or at 
very low temperatures. 

By iodizing the silver bromide in a photo-, 
grapihic plate (F. F. Renwick, 1920), it is 
possiUe to develop photographic plates in 
bright light. This procedure is not of any 
practical importance, but, like the possibility 
of developing a latent image ph3^ically after 
fixation, it demonstrates again the substantial 
nature of the latent image. 
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198. It has been shown by J. Dewar (1894) 
that a latent image can be formed at tempera- 
tures as low as that of liquid air (— i86®C), 
when chemical reactions are completely arrested. 
The sensitivity of an ordinary emulsion exposed 
to white light at — 250°C is approximately 1/25 
of that at 20°C (W. F. Berg and K. Mendelssohn, 
1938). This loss in sensitivity is explained by 
the fluorescence which W. Meidinger (1939) has 
discovered to occur at low temperatures. 

The explanation of the mechanism of latent 
image formation at low temperatures is based 
on an ingenious hypothesis (A. Dauvilliers, 1920, 
and K. Fajans, 1921) which has been confirmed 
by more recent publications (N. F. Mott and 
R. W. Gurney, W. F. Berg and K. Mendelssolm, 
J. H. Webb and C. H. Evans, 1938). These 
workers consider the liberation of metallic 
silver as a secondary process, which at room 
temperature occurs simultaneously with the 
primary process, but which for exposures at 
low temperatures does not take place until the 
emulsion is warmed. 

The primary process is entirely physical in 
nature, consisting in the liberation of an electron 
from a bromide ion in the crystal lattice by the 
action of light.^ These electrons move about 
freely in the ciystal, until they are trapped by 
irre^arities in the crystal, in particidar by 
the sensitivity or concentration specks formed 
during after-ripening (§ 191). At room tempera- 
ture, the negatively charged sensitivity speck 
is discharged by a neighbouring silver ion 
which thus reverts to the atomic (metallic) 
state and which sticks to and enlarges the speck. 
At I9W temperatures, the electrons merely 
diarg^ up the sensitivity specks, each of which 
cannot hold more than a single electron, the 
charge of which is sufficient to repel any other 
electrons (W. F. Berg, 1943). 

As a rrault of exposure, bromine is liberated 
in the silver halide crystals, through which it 
can be shown to move freely (O. Stasiw and 
T. Teltow, 1941-1944). On reaching the surface 
of the c^tal, it vriH react with the gelatine, 

. thus avoiding the recombination between silver 
, and bromine. Gelatine, however, is not a very 
efBdent bromine acceptor. This accounts for 
the weakening and eventual destruction of the 

^ An etoctrcm is the smallest possible unit of charge of 
negative electricity. In crystals or in solutions of ^ts, 
the metal and the acid radicalB are not in the molecular 
OT the atomic state, but in the ionic. This means that 
tMv ^ electric^y neutral, but cany one or several 
chides of electricity, positive for the metallic ions 
'(eatim) and negative for the acid ions (anions). 


surface image by bromine liberated from the 
interior of the grain. An efficient halogen 
acceptor must be added to an emulsion if appreci- 
able quantities of silver are to be form^, as 
for example in paper print-out emulsions. 

199. The concept of the sensitivity centre 
has been first suggested by A. Abegg (1897) and 
has been refined by S. E. Sheppard, A. P. H. 
Trivelli, and R.P. Loveland (1925). F. Weigert 
(1928) has demonstrated that free silver is 
present in ripened emulsions. Treatment of an 
after-ripened emulsion with oxidizing agents 
causes the sensitivity to be reduced to that 
before after-ripening began. 

Various results lead one to assume that a 
photographic grain becomes developable if the 
total number of silver atoms on a sensitivity 
speck exceeds a minimum critical number, 
estimated to be of the order of 5. This is the 
reason why the grains become spontaneously 
developable if after-ripening is pushed too far. 
If there are no sensitivity specks, the silver 
atoms are formed at several points in and on the 
crystals and the various specks so formed 
compete with one another for any further silver 
atoms formed. Thus one can see why the expos- 
ure necessary to cause a grain to become develop- 
able is smaller the smaller the number of sensi- 
tivity specks, and the nearer the number of 
silver atoms in the specks is to that necessary to 
induce development. 

Microscopic observations on diluted emulsions 
show that under intense illumination the blacken- 
ing begins at a few isolated points on each grain, 
These points are probably the sensitivity 
centres, and it is likely that it is on one of these 
points that development also commences. The 
photomicrographs (Fig. 16.2) show grains before 
development and the development centres 
after brief development and fixation, and finally, 
by combining the two pictures, the position of 
the centres on the grains (T. Svedberg, 1922). 

200. Different A^ons on the Photographic 
Emulsion. The photographic emulsion is sensi- 
tive not only to ordinary visible light but to 
other kinds of radiations such as the infra-red, 
the ultra-violet, X-rays and similar radiations 
emitted by various radio-active bodies, nuclear 
particles such as a-particles, protons, and 
electrons and even in certain conditions bv 
supersonic waves. We may note here that with 
X-rays, gamma rays, and nuclear particles, 
the presence of sensitivity specks is not so 
important as it is with light, since some of thme 
agencies at least produce considerably more 
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silver in each grain than is necessary for develop- 
ment. Images can also be obtained by static 
electric discharge in contact with the him. 

Different mechanical actions, such as sliding 
pressure^ (friction of a blunt point), rubbing, etc., 
all cause the emulsion to become developable 
(abrasion of the him), and at the same time make 
the emulsion insensitive to the subsequent 
action of light ( 0 . Bloch, 1915). These effects 
show up more strongly when followed by an 
exposure to light. Thus an abrasion can give 
rise to black marks in the whites of an image 
and white marks in the black. 

Contact with the emulsion of a great num- 
ber of reducing solutions (sodium arsenite, 
stannous chloride, etc.), or of gaseous. reducers 
(hydrogen sulphide, hydrogen phosphide) causes 
fog, which varies with the strength of the agent 
and the duration of the treatment. 

Special mention must be made of the action 
of hydrogen peroxide,® first noticed by W. J. 
Russell in 1899, and more recently studied by 
Liippo-Cramer (1915), S. E. Sheppard and E. P. 
Wightman (1923), W. Clark (1923), M. W. Jones 
and J. M. Blair (1937), and others. Certain 
other oxidizing agents have similar effects. 

The contact of a fully ripened emulsion layer 
with neutral or acid Solutions of hydrogen 
peroxide or with the vapours evolved by 
these solutions, causes a series of phenomena 
which are all analogous to those arising from 
the action of light (such as formation of a 
developable image, reversal, and solarization). 
Ozonized air has similar characteristics. In alka- 
line solution hydrogen peroxide is a developer 
of the latent image, and does not give rise to fog. 

A very large number of organic substances, 
and some metals, oxidize slowly in moist air and 
give rise to traces of hydrogen peroxide (or 
ozone), which can act on sensitive emulsions 
from a distance and cause fog. This applies, 
for example, to different kinds of wood (especi- 
ally resinous wood), turpentine, and other 
vegetable essences, numerous resins, base resin 
varnishes, lignites, and, amongst metals, zinc, 
and, to a less degree, aluminium and magnesium. 

^Pressure a^ppUed without friction to a aenaitiva 
emulsion diltring exposure usually produees a de- 
sensitization of the emulsion, the normal rapidity 
reappearing aa soon as the presaure is discontinued 
(E. Poittdttber, X93X ; Ny sgsii, 

* Although hydrogen peroxide may oe in general a 
powerful oxidizing agent. It ie known that it can cause 
the reduction of duerant bodies {<»one, permanganates, 
silver oxide) whilst being itsdf reduced, its oxididng or 
reducing power depending on pH. 


This phenomenon is sometimes referred to as 
the Russell effect. 

Several of the substances mentioned are 
normally used in cameras and {date holders. 
This explains the fog which is often found on a 
plate which has been left in its holder for a long 
time, especially in one of recent construction. 
These efiects cease as soon as the surface oxida- 
tion is completed. Other metak, which are 
non-oxidizable, act at a slight distance on 



Fig. 16.2. Development Nuclei x 4000 
(T. Svodberg) 


sensitive emulsions after a very ^ong stay in 
darkness. This action has been attributed to a 
seopnda^y radiation produced in the metal by 
cosmic radiation (J. Reboul, 1936). 

A specially interesting case is that of the 
action of paper on the emulsion. Ni 4 pce de St. 
Victor (1857) attributed the action on a photo- 
grapUc i&te of a piece of paper which 1^ 
previously been exposed to the sun to an 
invisible radiation, comparable with phosphores- 
cence. It is now known that this a^on is due 
to the formation of hydrogen pwxide by t^^ 
oxidation of the sine m moist air, and that it 
can be impeded by agents ^^hich destroy the 
hydrogen peroxide^ or by pibtMtive coatings 
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which stop the free access of air, such as gela- 
tine, rubber or cellulose varnishes. Similar com- 
plex phenomena may be noticed when a paper, 
having printed or written letters on it, is placed 
in contact with the film ; according to its nature 
the ink may exert a more intense action than the 
paper, or conversely the metallic salts in the ink 
may desensitize the emulsion, so that, after a 
sufficiently long time in contact, the image of 
the text may appear, on development, dark on 
a clear background or light on a dark background. 

These effects may be observed even if paper 
has been badly charred, a fact which has been 
employed, for example, in deciphering documents 
rescued from a fire (R. Davis, 1923). 

201. The Density of a Photographic Deposit. 
The definition of optical density given earlier 
(§ 15), is not sufficient for media which scatter 
the light. Only for a non-scattering medium is 
the density value independent of the method of 
measurement, and this does not apply to the 
photographic density deposit, which scatters 
light strongly. When measuring the density 
of a developcid plate, one finds, as a rule, as 
many different density values as corresponds to 
the types of densitometers used. Thus for 
example, the density values obtained photo- 
graphically by printing on to another photo- 
graphic material (contact printing or diffuse 
density) are considerably smaller than those 
produced by projection printing. This is 
particularly noticeable if the negative is illumi- 
nated by a condenser and if the transmitted 
flux is collected within a limited cone of accep- 
tance only. This effect, first studied by Callier 
(190^), has been named the Callier effect. 

A light sensitive system in contact with the 
plate to be measured registers all the light 
transmitted, whether the receptor is a photo- 
graphic plate, a photo-electric cell, or the 
photometric apparatus known as an integrating 
sphere. This consists of a hollow sphere (W. E. 
Sumpner, 1893) of relatively large diameter, 
coated with a white reflecting paint, which 
receives the luminous flux to be measured 
through a small aperture. The brightness of the 
interior of the sphere is measured through another 
small hole at right angles to the first and is 
proportional to the total flux entering the sphere. 
Under these conditions, the value for the opacity, 
and riius the density, is smallest. Conversely, 
a receptor placed at a relatively long distance 
from the negative (the projection lens, for the 
case just considered, or the majority of visual 
photometric apparatus) measures but a fraction 


of the light flux passing through the negative, 
a fraction wliich is smaller, the narrower the 
solid angle formed between the point being 
measured and the outline of the receptor. Under 
these conditions, the value for opacity, and thus 
for density, will be very high. 

When the negative is illuminated by com- 
pletely diffuse light, so that any one point 
receives light from all possible directions, a 
density value close to that obtained by contact 
printing will he measured. The light which 
without the negative would have reached the 
receptor, and that which originally would have 
missed the receptor and is scattered on to it 
by the negative, compensate one another fairly 
accurately. This is why a plate to be measured 
is as a rule placed against an opal glass, if con- 
tact printing density is to be measured. If the 
negative is used for projection printing, as in an 
enlarger, or if the density of a positive is to be 
measured, as for cinematography, readings are 
significant only if determined under conditions 
sufficiently similar to those for which they 
are to be used. There is not, in fact, a single 
value of specular density, but as many different 
values as there are measuring instruments. 

In all those instances whore the image is not 
a perfectly neutral grey, discrepancies will be 
found between visual densities, and those 
determined by physical receptors such as 
photo-electric cells. More meaningful results 
will be obtained, if the spectral sensitivity 
of the eye or of the measuring device is corrected 
by means of a suitable filter so as to become 
similar to the printing material to be used. 

Because of the discontinuous nature of the 
photographic deposit, the ratio of the mass of 
the reduced silver (in giammes per decimetre 
square) to the diffuse density known as the 
photometric constant is not a constant number. 
Hurter and Driffield assumed it to be constant 
and of the order of o-oi ; more accurate 
measurements by S. E. Sheppard and C. E. K. 
Mees (1907) have shown that the ratio, which 
they called the photometric equivalent, varies 
with the emulsion, the development, and the 
intensity of the exposure. J. Eggert and A. 
Kiister (1937) ^^i^e demonstrated that a linear 
relationship exists between the photometric 
equivalent P and the average diameter d of 
the grain (over a range from 0*4 to i*6 /i). The 
relation is P = 0-0184 d -f 0-0033 and does not 
depend on the emulsion or the value of the 
density. 

202. Characteristic Curves. It is not at all 
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easy to compare the properties of two sensitive 
materials merely by the inspection of two nega- 
tives, even if these are taken under otherwise 
identical conditions. Even if the brightness 
distribution in the scene taken were known 
exactly, the effect of the lens and of any 
irregularities in the behaviour of the shutter 
would mean that the intensity and thus the — 
exposure for any part of the negative is un- 
known. Finally, even if the exposures were 
known at all points, as might be the case 
in contact printing, they arc distributed at 
random, and a comparison of the two plates 
could be carried out only by holding them 
side by side. 

By printing through a scnsitomeiric tablet 
or step wedge with known density steps 
arranged in a regular order or with a con- 
tinuously increasing density and appropriate 
markings, one can apply to a photographic "" 
material a series of exactly .specified intensi- 
ties and exposures. The exposure scale can 
be made much longer than that available 
from a single negative, thus covering all the 
exposure values that would be obtained, if 
a scene were photographed with a wide' range 
of exposure times. The results obtained on 
different materials are easy to compare if 
the two density scales arc laid side by .side 
with the parts which have received the same ^ 
exposure next to one another. Under these *— 
conditions, pictorial considerations will not 
interfere with the technical aspects. 

Continuous sensitometric density wedges are 
produced by grinding and polishing a slip of 
glass containing a black, light-absorbing material 
into the form of a prism with a very acute angle, 
cemented to a similar prism of clear glass, so 
as to ensure that the faces are parallel. Less 


of measurement (§ 201). The density values 
commonly stated are those of contact printing 
density. Density wedges are not always 
perfectly neutral, i.e. both the density at 
any one point and the wedge constant may de- 
pend upon the colour of the measuring light and 
on the spectral sensitivity of the material being 






Fig. 16.3. Diagrammatic Hepkesentation 
OF THE Characteristic Curve 

exposed. We shall consider below how a wedge 
can be calibrated under the conditions of use. 

203. Let us consider the result of printing a 
perfect optically neutral density wedge on to a 
plate or him. A section through and along the 
wedge is indicated in figure if).3A on a much 


accurate wedges are obtained by casting 
gelatine containing drawing ink, or graphite, 
or reduced silver, or a mixture of dyestuffs 
(Goldberg, 1910). If we consider equidistant 
points along the wedge, the thicknesses of the 
absorbing layers, and with these the densities, 
are in an arithmetical progression. The wedge 
is then completely described if one knows the 
density at one point and the wedge constant, 
which indicates the density difference between 


exaggerated scale. 

If the negative obtained were perfect, so that 
the silver was distributed as shown, on a con- 
venient scale, in Fig. 16.3B, then the “wedge” 
and the negative, if superposed, would make a 
uniform density. We should then be able to 
obtain from that negative by a second print made 
under the same conditions, a perfect facsimile 
of the original wedge. 

Actually; however, it is known that whatever 


any two points being i cm apart along the wee^je. 
Cast wedges always display local irregularities, 
which may be neglected, however, unless 
measurements of high precision are required. 
The density value for a cast wedge containing 
scattering particles will depend upon the methods 


kind of sensitive film be used for one or other 
of the prints, the ideal result is never attained* 
Under the most favourable conditions the dis-;. 
tribution of reduced silver in the negative may 
be like that shown in Fig. 16.30*. Another copy 
made under identical conditions will not give a 
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facsimile of the original screen but a distorted 
scale of tones indicated in Fig. 16.3D. 

Since the densities of a proces^d photo- 
graphic layer are in practice proportional to the 
mass of reduced silver per unit area, the curves 
C and D represent also the densities of the 
negative and the positive plotted against the 
logarithm of the transparencies of the original 
wedge. By multiplying the abscissae by the 



appropriate factor, taking care of the illumina- 
tion and the exposure time used, the densities 
would be plotted against the logarithm of the 
exposure. A curve such as C is called the 
characteristic curve of the sensitive material 
which was used to make the negative. A 
curve such as D might be called a reproduction 
curve, into which enters both the properties 
of the negative and the positive materials, as 
well as the intensity and time of exposure and 
the conditions of development of both processes. 

904. F. Hurter and V. C. Driffield (1890) made 
the happy choice of logarithmic scales both for 
the opacities and the exposures and were thus 
able to represent in the most useful manner the 
photogra^c efiect of exposure and develop- 
ment under fixed conditions. The characteristic 
curve which is a plot of the densities obtained 
against the logarithm of the exposure in 
metre-candle seconds may be described in 
general terms as follows. There is as a rule a 
more or less extended straight-line portion, the 
atope of vidiich is called the contrast factor 
or more usually, the gamma which is of 
great practical importance. The gamma is 
measured as the tangent of the angle which the 
8traight*line portion of the curve -makes with 
tlie exposure axis. As devdopment proceeds, 
the dope increases continuously, at first rapidly, 
then more and more slowly, until a limiti^ 


value is reached which is described as the 
maximum gamma or gamma infinity {y*). ‘ The 
value* of y* depends on the sensitive material, 
the developer, and sometimes also on the 
average light intensity received by the layer. 
In Fig. 16.4 are shown three characteristic 
curves obtained on the same material and 
developed in the same developer at constant 
temperature for three different times. Some 
workers reserve the term characteristic curves 
to those for which y is I (slope of 45°), but 
this condition cannot always be ^tished, in 
particular with modem fast emulsions of the 
"portrait” type, w'hich have a maximum y of 
the order of o*8. 

In order to provide a more complete descrip- 
tion of the behaviour of a photographic material 
one often plots the gamma and the fog against 
the time of development. In Fig. 16.5, the 
gamma values are shown on the left and the fog 
values on the right, plotted against the time of 
development in minutes, the gamma curve 
being shown smooth, the fog curve dotted. 
Curves are plotted for a fine grain (^ 4 ) and a 
high-contrast (B) developer used with the same 
photogiaphic material. 

In Fig. 16.4 it will be seen that the extensions 



Fig. 16.5. The Change of Gamma (Continuous 
Line) and Fog (Dotted Line) Plotted Against 
Tims of Development for one Material and 
two Kinds of Developer, A and B 

of the straight-line portions of the characteristic 
curves for different times of development meet 
in a point A below the abscissa. It is often 
found that curves meet in one point in this 
fashion, but sometimes the point is rituated 
on and occasionally even above riie axis. If the 
same material is developed in solutions made up 
with increasing amounts of bromide tons, the 
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meeting point is found to rise vertically with 
increasing bromide concentration. 

Plates or films are often double-coated with 
two different emulsions or coated with an emul- 
sion blended from several different component 
emulsions. The characteristic curves of such 
materials are often less smooth than those 
shown in Fig. 16.4. Curves often display a 
kink, consisting of two straight-line portions 
with a more or less extended transition section. 
The curve shape shown in Fig. 16.4 is often 
found with slow emulsions, such as process 
materials or lantern plates. The characteristic 
curves for fast emulsions show as a rule a long 
curved portion, often called the toe, followed 
by a relatively short straight-line portion. In 
the course of experiments carried out on a 
large number of emulsions prepared by various 
methods, L. Silberstein and A. P. H. Trivelli 
(1942-5) have found that the characteristic 
curve for a pure bromide emulsion is symmetri- 
cal around its point of inflexion (centre of 
straight-line portion) if the emulsion is prepared 
without sulphur sensitizers. The curves for 
emulsipns which have been after-ripened in the 
presence of sulphur sensitizers are not sym- 
metrical. These curves may be considered as 
consisting of two often symmetrical components, 
which themselves depend upon the sensitivity 
of the individual grains and thus allow the 
specific effect of after-ripening on the grains to 
be determined. 

205. Identical exposures can be obtained 
with widely different values of the individual 
factors, intensity, and time. Let us consider 
first the characteristic curves obtained by 
means of a sensitometric tablet, by var3dng 
the exposure; time over a wide range. For 
astronomical work, the time of exposure may 
run into many hours ; in popular photography, 
the majority of photographs is taken with a 
time of around 1/25 second ; in sound recording 
for cinematography, exposure times may be 
less than 1/25,000 second. The characteristic 
curves obtain^ under these conditions differ 
from one another even for the same photo- 
graphic material and constant development 
conchtions, and in particular gamma values vary 
considerably. For very short times of exposure, 
gamma is often considerably lower than for 
normal or long times of exposure, and develop- 
ment may have to be^ prolionged, often by as 
much as 50 per cent, in order to obtain the normal 
gamma value, when processing, say, a negative 
exposed by an electronic speed lamp. 


On the other hand, the shape of curves 
obtained for constant intensity and varying 
times of exposure (time-scale curves) depentfi 
upon the value of the intensity of light. The 
time-scale gamma is often very low for low 
intensities of light and increases with the 
intensity. Time-scale curves were obtained by 
the sensitometric procedures originally suggested 
by Hurter and Driffield, and by Scheiner, 
and are still used occasionally because of the 
ease with which a time scale of exposures can 
be produced in the laboratory. 

A sensitometric investigation has no practical 
significance unless the exposure time is near 
to that used in practice. Characteristic curves 
should never be published without a statement 
on the exposure time used. 

Let us point out here that there are always 
slight differences between the characteristic 
curves of different batches even of nominally 
the same emulsions. Thus sensitometric data 
strictly apply only to the batch tested, and not to 
other batches of the same type of emulsion, or 
even to the same batch after a lapse of some time. 

206. It is useful to describe in more detail 
the shape of the characteristic curve. On 
increasing the exposure, we find that the density 
rises gradually from a low constant density 
present even without exposure and designated 
as fog or veil. This lower curved part of the 
curve is often loosely described as the regioa of 
under-exposure. The slope then rises rapidly 
until it reaches its maximum value (the gamma, 
y) in the straight-line part of the curve, called 
the normal exposure region. The length of this 
region measured on the exposure axis shortens 
as development is increased so as to obtain 
greater gamma values; it is followed by the 
over-exposure region or the shoulder of the curve 
in which the slope of the curve gradually dimin- 
ishes and finally becomes zero (curve parallel 
to the exposure axis). The maximum density 
plateau thus reached is followed by a descend- 
ing bfanch of the curve known as the region of 
reversal or solarization. When exposure is in- 
creased considerably, it is sometimes found that 
the curve will rise again, a phenomenon described 
as the re-reversal of solarization. It is said that 
some materials exhibit several cycles of reversal 
and re-reversal with diminisl^ amplitude. 

It will be seen that a certain tone dfference in 
the subject is reproduced by a p^ of densitief 
in the negative which at fiiat increases with 
increasing exposure {regfon of under-exposure), 
then reacto a nuu^um value (region of normal 
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exposure), to decrease again and to become 
zero (region of over-exposure), and finally, to 
reverse its sign (solarization region). Thus for 
a sufficiently prolonged exposure, the scene is 
reproduced as a positi\T, perhaps only in its 
brightest portions, but sometimes completely. 
The quality of reproduction obtained on 



Fig. I 6.6a. Perspective View of a Density 
Surface for a Lantern Pi.ate 

The hCHlc for the upright density axis is 2 5 times ih.it for the 
intensity and time axes (H Anms and J Eggert) 

ordinary materials in this way is, however, not 
as a rule satisfactory. 

The exposure region between the two points 
at which the slope of the curve is 1/3 of the maxi- 
mum (gamma) value is in French literature 
called the “interval of differentiated exposures” 
of the emulsion in question. The underlying 
assumption is that tone differences in the scene 
falling outside this region will not be reproduced 
satisfactorily in the print. This region, some- 
times, and inappropriately, called the exposure 
latitude is better described as exposure range. 

207. Density Surfaces. A single characteristic 
curve, or even a set of curves obtained for 
different times of development, is not sufficient 
to describe completely the properties of a 
photographic layer (§ 205). In order to describe 
completely the blackening law for a photo- 
graphic material, a three-dimensional representa- 
tion is necessary. For the so-called density 
surface, the logarithm of the intensity is plotted 
along one dimension, the logarithm of the time 
along the second, and the density obtained 
for any one intensity and time is plotted upwards. 
The concept of the density surface was put 
forward by G. R. Harrison and E. Hesthal 
(1924) ; actual typical surfaces have been 
prepared and published by H. Arens and J. 
Eggert (1928-35). 

Fig. i6.6a shows a perspective view and a 
plan of a density surf^ tor a lantern plate. 


The curves in Fig. i6.6b are lines of constant 
density ranging from 0*05 to 4-5. On examining 
the perspective view one can see at once that 
the time-scale characteristic curves differ in 
shape from the intensity scale curves. The 
time-scale curves are the intersections of the 
density surface with a vertical plane con- 
taining the time axis, the intensity-scale curves 
one containing the intensity axis. It is also 
seen that the maximum density obtainable 
with a time scale of exposures is much lower 
for an intensity level of 0-004 metre candles 
than for 2 metre candles. Curves for these 
two intensity levels are drawn on the perspec- 
tive figures; the maximum density values are 
3-0 and 4*5 respectively. 

208. Summation ^ors of Photographic 
Materials. A very important advantage of the 
photo^aphic method is that a photographic 
material is capable of summing up a continued 
exposure to low-intensity light lasting for a long 
time. In this way it is possible to record radiation 
which is too feeble to be measured in any other 
way. It is said occasionally that a photographic 
plate is capable of integrating exposures. This 



Fig. i6.6b. Plan of the Density Surface 
SHOWN IN Fig. x6.6a 

Each curve repreaentB a contour line for the density value 
shown on the right. 

is not strictly correct, however, since the recip- 
rocity relationship, formulated by Bunsen and 
Roscoe (1862) for certain photo-chemical reac- 
tions, does not apply to the photographic 
process. The reciprocity law states that equal 
exposures should produce equal photo-diemical 
effects, no matter what the individual values of 
intensity and time (§ 205). 
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The reciprocity law is valid, however, for 
direct exposure to X-rays. It also applies over 
a limited range of intensities at room tempera- 
ture for exposures to light, so long as the 
exposure time is shorter than a certain limiting 
value, which for a series of emulsions was 
found to be of the order of 0-00004 second. 
This limiting exposure time increases with 
decreasing temperature (W. F. Berg, 1940) and 
for temperatures as low as that of liquid air 
or hydrogen extends over the whole range of 
intensities and times investigated and likely 
to be used in practice. 

We should point out here that the density 
produced is not as a rule j)roportional to the 
total mass of silver in the latent image. The 
existence of solarization implies that the amount 
of silver and the density may even vary in the 
opposite sense. 

For any photographic material, there is a 
limit of light intensity below which no photo- 
graphic effect can be obtained. This critical 
intensity is lower the faster the emulsion in 
question, and also depends upon the method 
of preparation of the emulsion. 

For intensities above this critical value, the 
maximum number of grains that can be made 
developable on prolonged exposure increases 
with increasing intensity. It is never possible 
to make all the grains in an emulsion develop- 
able, whatever the conditions of exposure, but 
a maximum possible number is affected for an 
intensity of light far in excess of the minimum 
value. L. A. Jones and V. C. Hall (1926) have 
found this optimum intensity value to be o-o8 
meter-candle-seconds for a fast film, 5 for a 
slow negative material, and 316 for a slow 
lantern plat^. In the region between the 
minimum threshold and the optimum intensity, 
both maximum density and gamma increase 
with the intensity. 

K. Schwarzschild (1899) has formulated a 
law which is named after him and which he 
derived from a study of the photographic 
photometry of the magnitude of stars, i.e. to 
the case of extremely weak intensities. The law 
states that equal photographic effects will be 
obtained for a pair of intensities (/) and times 
(/) of exposure/ if the relation <lo^ / ^ log t) 

== constant is fulfilled. Here ^ is a constant 
known as the Schwarzschild constant, which he 
found to be 0*85 for tl\e plates he us^ and an 
exposure time of several hours. Occasionally, 
this law has been -unduly generalized and has 
been appUed to the times and intensities used in 

XiHG.3630) 


more normal photographic practice. It applies 
only over a small range of intensities at a time, 
the factor p varying continuously with the 
intensity and thus never actually being constant. 
Thus for a fast negative plate, H. Arens and J. 
Eggert (1928) obtained values of p which varied 
progressively from 1-85 to 0-4, as the exposure 
time was increased from 1/10,000 to 1,000,000 
sec. 

If, for a constant intensity and total time of 
exposure, the effect of a continuous exposure 
and of intermittent exposures is compared, 
it is found that the photographic effect is 
not identical. As a rule, the intermittent 
exposure is less effective than the continuous. 
The intermittency ejfect is closely linked both 
with the growth of the latent image and the 
deviations from the reciprocity law. This effect 
does not become obvious unless the frequency of 
interruption is below a critical value, which for 
any one emulsion is nearly proportional to the 
intensity, and which, as between different 
emulsions, increases with the sensitivity of 
the emulsion (J. H. Webb, 1933). According 
to this author the critical frequency of a rapid 
emulsion is of the order of 60 for a normal 
intensity level. With another fast emulsion, 
R. A. Sawyer and H. B. Vincent (1943) have 
found that the intermittency effect is still 
appreciable at 165 interruptions per second. 

209. Various Photographic Effects. We review 
here very briefly several photographic effects, 
in all of which the sensitive material fails to 
integrate two kinds of radiation which are 
applied successively. These effects are named 
after their discoverers. 

Becquerd Effect, A latent image on a Daguer- 
rotype plate is intensified by illuminating it 
with green or yellow light to which the virgin 
plate is insensitive (E. Becquerel, 1841). 
Similar effects can be obtained pn print-out 
papers, using green light. In silver bromide 
emulsions it does not occur, except in the special 
casp bf an X-ray exposure, followed by an 
exposure to light sufficiently heavy to cause 
printing out. The print-out silver is formed 
preferentially on the X-ray image (R. Luther 
and W. A. Ushkoff, 1903). 

Herschel Effect, The latent image in an 
emulsion which is not normally sensitive to 
red or infra-red light, can be wesikened or even 
wiped out by an exposure to this inactinic 
light, in particular if the emulsion contains an 
excess of soluble bromide (J. Hprschel, 1839), 
The effect, origma^y described for a print-out 
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image, is more pronounced the higher the 
intensity at which the latent image to be 
bleached is produced (W. Leczynski 1926*7, 
and L. Falla, 1941-2) ; it does not depend on 
the intensity of the bleaching radiation, i.e. the 
reciprocity law is fulfilled. When an image has 
been bleached away, the emulsion behaves 
again like a virgin emulsion, although some- 
times its sensitivity to actinic light is increased 
(L. Falla, 1941-2). The Herschel effect is more 
pronounced for pure silver bromide emulsions 
(certain bromide papers) than for iodo-bromide 
emulsions (fast negative emulsions). It is 
sensitized by desensitizers and the presence of 
copper salts and cannot be demonstrated in the 
presence of sensitizing dyes, i.e. in orthochro- 
matic or panchromatic emulsions (A. P. H. 
Trivelli, 1929). The effect has found various 
practical applications. 

Clayden Effect. Under certain favourable 
conditions, a latent image produced by an 
intense light flash of short duration (i/iooo sec 
or less) can be destroyed by a subsequent 
exposure to light. Thus it is possible to produce 
a direct positive image in a camera if the 
photographic material has been flashed uniformly 
previously (P. Villard, 1907). Even under 
less favourable conditions, the Clayden effect 
always manifests itself by a desensitization if 
a very short exposure is followed by a longer 
one. When the order of the two exposures is 
reversed, their effect is largely ad^tive. A 
similar result is observed when the first ex- 
posure is of any duration to X-rays ; the effect 
is then known as the Villard Effect. 

Spottier Effect. An image can be changed 
from negative to positive if the material is 
uniformly flashed while in the developer 
(Sabattier, •1850). This effect is often accom- 
panied by a dark edge due to irradiation (§ 212) 
surrouQf^ng the clear portions of the plate. 



production of peculiar pictorial effects (§734). 

Albert Effect. If after a very heavy exposure a 
pbotographic material is treated in a dilute 
solution of chromic acid, rinsed, and then 
uniformly exposed to light, it develop to .a 
positive image of the first exposure. This effect 
» doe to the fact that latent ii^e forms both 
in the surface and in the interior of the grain. 
When the superficial latent image has been 
bleached away, further latent image will tend 
to f^;m in tiie interior of those grains, which 
cany an internal latent image due to the first 


exposure. A normal superficial image will be 
formed on those grains which have not received 
a sufficiently strong first exposure (G. W. W. 
Stevens, 1939). 

210. Reversal by Solarization. When a series 
of increasing exposures, extending over a very 
wide range, are given to an emulsion, we have 
seen (§ 206) that after development the resulting 
density first increases, reaches a maximum, and 
then diminishes until it practically vanishes. In 
1880 Janssen suggested the existence of a 
second range of increasing densities beyond the 
point where the blackening had decreased to 
nothing. Thus, in photographing a natural 
object, it is possible, according to the exposure 
given, to obtain either a normal negative, or. an 
almost uniform high density (first neutral zone), 
or a more or less satisfactory positive (image 
reversed by solarization), or, lastly, an almost 
uniform and very weak density (second neutral 
zone). Generally speaking, the time of exposure 
necessary to obtain a direct positive on an 
ordinary emulsion is 1,000 times that necessary 
to give a satisfactory negative, but this process 
is uncertain and is used only with special 
emulsions. 

Although the density obtained by chemical 
developinent passes through its various maxima 
and minima, the total amount of latent-image 
silver increases continuously. The distribution 
of the latent image between the surface and the 
interior of the grains, however, changes consider- 
ably, the superficial silver becoming oxidized 
back to silver bromide by the bromine which is 
released as the internal silver is being formed. 
(J. H. Webb and C. H. Evans, 1941). Emulsions 
containing iodide or a surplus of soluble bromide 
solarize easily, but solarization is impeded or at 
least reduced for emulsions with very fine 
grains or containing halogen acceptors which 
are more effective than the gelatine, such as 
sodium nitrite, hydrazine salts, or phenylene 
diamines. The grains of an image which has 
been reversed by solarization are finer than those 
in a normal image, because it is alwa}^ the large 
grains whdch solarize first (W. Meidinger, 1937). 
Solarization can sometimes be made to disappear 
by treating the emulsion before ^velopment 
in an oxidizing bath (Luppo^ramer, 1905), 
which has the effect of favouring the internal 
latent image by reducing or (kstroying the 
surface image. 

The reversal by solarization always disappears 
if development is prolonged 'sufficiently, since 
solarization has been caused by the dratruction 
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of the superficial latent image, it takes some 
considerable time for the developing solution 
to dissolve the silver halide grain sufiiciently 
for the internal latent-image specks to be laid 
bare. In this way one can account for the fact 
that at least with certain physical developers, 
solarization does not occur, and that it disappears 
if a silver halide solvent is added to a chemical 
developer, or if the emulsion is treated with a 
silver halide solvent before chemical develop- 
ment (H. Arens, 1934). 

21 1. Graininess. In enlargements consider- 
ably smaller than those necessary to be able to 
see the individual grains, such as in projections 
or enlargements of some 20 times linear, the 
image is seen to be non-uniform. This is due to 
the irregular arrangement of the photographic 
grains in the emulsion, which are superimposed 
one upon the other in the thickness of the coated 
layer. This visibly irregular structure is called 
the graininess of the image (Fig. 16.7) and is 
more apparent the larger the grains in the emul- 
sion. 

On the other hand, we must consider the 
granidarity of a photographic deposit. This is 
a measure of the statistical variations in 
density of an apparently uniform silver deposit 
which is scanned by a narrow ray of light. 
Whereas the granularity, measured objectively, 
for example by a micro-photometer, grows 
continuously with increasing density, the graini- 
ness, which is determined subjectively, becomes 
less obvious as the visual acuity of the eye 
decreases ; in other words, it tends to disappear 
for sufficiently high densities. On a negative 
the graininess reaches a maximum for a density 
of 0*3 at which there are equal areas absorbing 
and transmitting light. 

The granularity of printing materials is much 
less than that of negative materials and its 
effect may be neglected when enlargements 
are considered. The print graininess as 
determined on an enlargement is proportional 
to the granularity of the negative, to the 
degree of enlargement A, and to the slope of 
gp of the characteristic chrve of the printing 
xnateriaL If the exposure of the negative is 
the shortest possible normal exposure, and the 
print the b^t one possible, the expression 
Gj^ =s AGf^p can be replaced by Gj = AGfflg^ 
in which gv is . the slope of the <maracteristic 
curve at a density where the granularity is 
(£. W. H, Selwyn, 1943). It will be dear that 
for a perfect print the product of . gp should 
be umty. The expcesslon Gjffgff Is proportional 


to the graininess as appreciated visually and 
can therefore be regarded as an objective 
measure of the graininess. This graininess value 
reaches a maximum at that point on the 
negative characteristic curve where the exposure 
is ten times that required at the speed point 
according to the Jones criterion (point A in 
Fig. 18.3). The graininess of a sensitive material 



A C 



B D 

Fig. 16.7. Grainzness of a Photographic 
Emulsion for Four Different Magnifications 
(C. E. K. Meei) 

A ^ to diameters. C « 400 diameten. 

B » too „ D — 900 „ 

may therefore be represented by the maximum 
graininess value. ' 

It is always important to maintain the graini- 
ness of negatives at as low a value as possible, 
in particidar for miniature work in which 
prints are invariably enlargements. We shall 
deal below with methods of fine-grain develop- 
ment ; here we need only note that with these 
it is always necessary to increase the exposure 
to a considerable extent. 

3X3. Irradiation. During exposure each point 
of the photographic emulsion layer acts as a 
source of fight towards the neighbouring parfs 
of the layer. Thus a bright part of the ima^ 
appears to spread at the expense of the neig]^ 
louring darker portions. Tm fact is known as 
iffadiaHm\ it is xesponsihla for the fact that 
the image of a point pr a sjit spreads piqxxr* 
tionally to the ^ kgarithm of the exposure 
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(J. Scheiner, 1897; C. F 4 ry. 1898). The 
proportionality constant, which measures the 
increase of a star image in microns as the exposure 
is increased by a factor of ten, varies consider- 
ably from emulsion to emulsion. A few figures 
-are given below, according to measurements 
by Goldberg (1913). 

Positive Process Fast Negative Bromide 
Plate Plate Plate Paper 

11 fi 18/1 40/1 

It has been stated by H. S. Coleman and 
H. L. Yeagley {1940) that the intensity of 
light is far more important than the time of 
exposure, which has but a weak effect or none 
at all. This effect is probably confined to the 
conditions of low intensity and long time of 
exposure studied by these workers. 

The effect of irradiation is diminished by all 
circumstances which increase the absorption 
of light in the photographic emulsion. It is 
decreased for emulsions with a high silver 
halide content or by dyeing a blue-sensitive 
emulsion with a yellow dye, such as tartrazine 
or napthol yellow. The dye limits the pene- 
tration of light into the depth of the emulsion 
and thus localizes the image at the emulsion 
surface; it also diminishes the contrast of the 
emulsion. 

213. Resolving Power. The limit of resolution 
of a photographic image is defined as the smallest 
distance between two point or line images 
which can just be distinguished by the eye at 
a suitable magnification. This is so chosen that 
the^aininess of the image does not yet become 
too obvious and is of the order of some 30 times 
for normal photographic materials. The maxi- 
mum number of parallel and equidistant lines 
which can be distinguished per millimetre is 
describiiid as the resolving power. 

For a material which is sufficiently well 
' backed to avoid halation, the resolving power is 
limited by irradiation and also, to a lesser 
extent, by the graininess. For the same sensitive 
material, the resolving power, measured for 
images of the same density, is higher, when the 
exposure is heavy and development is curtail^ 
than for short exposure and ^olonged develop- 
ment. With materials developed for constant 
’ time, the resolving power reaches a maximum 
at a point situated at the lower end of the 
straight-line portion of the characteristic curve, 
' around a deraty value of 1*0. 

The following average values of the resolving 


power for the different types of photographic 
materials will serve as a guide. 


Lantern 

Plates 

Cin^ Positive 
Film 

Fast Plates 

Extra-fast 

Plates 

75 

60 

50 

40 


With extra-fine grain emulsions, especially 
those used for the production of graticules, 
resolving power figures of over 1,000 lines per 
millimetre can be obtained quite easily. Simi- 
larly with the special emulsions used for micro- 
radiography, which are regularly enlarged some 
300 times. 600 lines per millimetre and, excep- 
tionally, 1,200 lines per millimetre can be resolved 
(L. A. Sayce, 1940). 

The resolving power of an ordinary cin^ 
positive emulsion can be increased to 100 and 
even to 170 lines per millimetre by impregnating 
it with a I per cent solution of chrysoidine. 
This diminishes the diffusion of light and limits 
the emulsion sensitivity to a region where the 
refractive index of the gelatine is raised by 
more than 0*2 by the presence of the dye. 
Unfortunately, this procedure requires ten 
times the normal exposure (P. Kowaliski, 1944). 

214. The Geometrical Accuracy of Photo- 
graphic Images. The most important reason 
for any lack of definition in the photographic 
image is the amount of residual aberration in 
the lens used. Optical unevenness of the atmos- 
phere, produced for example by currents of 
hot air, incorrect focusing or camera shake often 
decrease the definition. Lack of definition is 
also caused by the irregular nature of the 
photographic deposit and by the fact that 
irradiation tends to affect preferentially the 
large grains. In a print, lack of definition may 
be caused in addition by insufficient contact, 
which is more important the larger the source of 
light used. 

Much more marked spreading of the image is 
caused by such defects as traces of aberration, 
always present even in the best lenses, and from 
slight faults in focusing. 

Use of an emulsion of high contrast, and 
keeping exposure short, are means of limiting 
the spreading of light around each point or 
line and thus of improving the definition. 
In addition to the contractions and distortions 
which occur in photographic images on film or 
on paper because of the instability of the support, 
^me deformation also arises in photographic 
images on rigid supports on account of contrac- 
tions and distortions of the gelatine itself 



PREPARATION AND PROPERTIES OF NEGATIVES 


147 


during drying, due to the tanning action of 
the oxidation products of the developer. Even 
if drying is perfectly uniform, the relaxation 
of the strain set up within the emulsion layer 
during manufacture may cause some deformation 
of the image. 

215. Photographic Calibration of a Sensi- 
tometric Wedge. This is best done by exposing 
in a printing frame containing the wedge, a 
piece of photographic material (preferably film) 
in two halves successively, the exposure time 
being the same, but at two different light 
intensities such as would be obtained by expos- 
ing at different distances from a point source. 
A small electric filament lamp such as a torch 
bulb, is a suitable source, but it is essential 
that its brightness does not vary during the 
exposures. I f a voltmeter is available to ensure 
that the supply voltage has not varied during 
the whole of the exposures, a better arrange- 
ment would be to enclose the lamp in a lamp 
house. This can then be arranged at varying 
distances from a fixed piece of ground or opal 
glass behind which the frame is placed. In this 
way the calculated intensity values would not 
be falsified by light scattered from the walls of 
the room. 

The ratio of the intensities of light incident on 
the wedge. A, can be worked out from the 
inverse square law (§ ii). The actual inten- 
sities are irrelevant; we only need to know 
their ratio. After development, which is best 
carried out several hours after exposure, to 
overcome any effects due to latent image 
growth or fading, one obtains two negative 
images of the wedge. These differ from one 
another merely by a displacement / which is the 
distance between any two points on the photo- 
graphic material which have received the same 
exposure. The wedge constant K is then 
obtained from the equation K = (log A) /I. 

In order to measure the displacement / it is 
useful to rule lines at right an^es to the wedge 
on the two prints obtained. Mark the two 
wedge images clearly and then cut them apart, 
trimming off any irregular patches that may 
have been formed along the boundaries. Mask 
off a piece of illuminated glass by means of 
black paper so that an area of only about half a 
^uare inch remains. Then place the two wedge 
images side by side on the illuminated area 
and slide them alongside one another, until they 
match exactly. The displacement I can then be 
found by measuring the distance of any two 
corresponding lines from one another. 


If higher accuracy is desired, the whole 
procedure should be repeated with varying 
ratios of the exposures and the average of 
the values of K should be used. It is, of 
course, quite feasible to expose more than two 
wedge images on to the same piece of printing 
material. 

Finally, one would have to determine the 
density at one point of the wedge. This is 
most easily done by exposing a material bare, 
with the lamp at a long distance, and again 
through the wedge, at a shorter lamp distance. 
The uniform density d obtained on the material 
exposed without the wedge can then again be 
matched to a density on the wedge image in 
the manner described. The relation d = \og A^ 
holds for the point on the wedge image found 
iii this way, where 4 ^ is again the ratio of the 
two incident intensities. 

Various types of densitometers are available 
commercially which allow contact printing 
densities to be measured directly instead of by 
the rather roundabout method just described. 
These instruments are considerably cheaper 
than the precise apparatus employed in research 
laboratories or in the control laboratories of the 
photographic manufacturers. 

Reference should be made to the trade 
pamphlets of the manufacturers for detailed 
descriptions of such instruments. We have 
already indicated that densitometers which 
utilize a photo-voltaic cell almost in contact 
with the density to be measured will read 
diffuse values directly and do not require a 
diffusing medium. At least for nearly neutral 
density strips, these densitometers are superior 
to visual densitometers. It is necessary to 
warn, however, against the use of those 
types of photo-electric cells which * are 
sensitive to infra-red light, whenever the 
density deposit to be measured is not completely 
neutral. 

Similar methods are used for the calibration 
of sttop wedges. The principle here is to produce 
a number of density stops and thus a character- 
istic curve (a) with known intensities, i.e, by 
using the inverse square law, and (h) with the 
unknown intensities, i.e. through the stops of 
the wedge. In all this work it must be remem- 
bered, that if high accuracy of calibration is 
required, the tests must be carried out several 
times in succession and average values must be 
taken. In this way ,the effects of coating 
unevenness, processing errors, etc., can be 
overcome. 
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216. Spectral Sensitivity of Silver Bromide 
Emulsions. If the spectrum from a white-light 
source is focused on a photographic plate or 
film, the density produced at the shorter wave- 
lengths end is limited by the ultra-violet absorp- 
tion of the gelatine surrounding the sensitive 
grains. This absorption is considerable at 
250 m|U and becomes almost total at 200 m^. 
The practical limit in the other direction is 
520 m/I for silver bromide emulsions, and about 
560 mu for iodobromides (containing 5 per cent 
iodide). This limit is due to the absorption of 
the silver halide itself, and this does not apply 
to the transparent emulsions used by G. 
Lippmann (1891) in his system of colour 
photography by interference methods. These 
emulsions are sensitive well into the red band 
of the spectrum. If the exposure is considerably 
increased, a latent image in the red band can be 
obtained on a normal emulsion, and even a 
print-out image if the emulsion has been impreg- 
nated with a nitrite. For example, the exposure 
at 700 m/I to give identical just perceptible 
densities on development is 10,000,000 times that 
required at 400 m/i (J. Eggert and M. Biltz, 
1939), Thiis Clerk Maxwell (1861) and L. Ducos 
du Hauron (1869), working with collodion 
plates before the di^overy of optical sensitizing 
(1873), had to use very long exposures through 
greeO; and ved filters in their attempts to evolve 
a tricolour system of photography. Actually, 
the sensitivity of silver bromide measured by 
comparing the mass of silver liberated and the 
amount of light energy absorbed is almost 
constant throughout the visible spectrum, but 
the absorption decreases rapidly beyond the 
blue, and becomes negligible in the red (J. 
Eggert and F. G. Kleinschrod, 1941). Prolonged 
waging of the grains, which results in partial 
hydrol3^is giving small amounts of. silver 
hydroxide, consideiably increases the red 
senativity. 

Moreover, the speed varies considerably within 
the practical limits of spectral sensitivity ; the 
relative exposures to give the same developed 
density are ao to 1 comparing exposures at 500 
m/t a^ 400 m/I. The contrast, for identical 
dev^j^ent conditions, varies just as much, 
^MTeasing, for example, from about 2 to 3 on 


passing from the near ultra-violet (350 mu) to the 
violet and blue (400-500 m/i). C. Faory and 
H. Buisson (1924) state that the maximum value 
of gamma (y oc,) forany given wavelength is propor- 
tional to the ratio of the density of the completely 
developed layer to that of the unchanged emul- 
sion, measured at that particular wavelength. 

The type of photographic emulsion which is 
commonly termed “ordinary,” strictly speaking 
should be used only in the somewhat unusual 
case when the subject consists entirely of blacks, 
greys, and whites. The human eye is most 
sensitive to green light, especially at low 
intensity, and warm colours (yellows and reds) 
appear lighter, at equal saturation, than violets 
or blues. On the other hand, unless specially 
sensitized to colour, the photographic emulsion 
is chiefly sensitive to the invisible ultra-violet 
and the physiologically less active violets and 
blues (Fig. 17. i). Thus, a plate sees objects 
almost as they would be seen by a colour-blind 
person, or as we should see them through 
a blue filter, such as a piece of blue cobalt 
glass. Although red, yellow, and green objects 
are not always represented as black in the 
print obtained from a negative on such an 
enulsion, this is because of the reflection and 
surface diffusion of other colours of light from 
these objects. 

217. Photogriq>hy of the Far Ultra-violet. As 
explained above, ordinary commercial plates 
and films do not respond to radiations of wave- 
lengths shorter than 200 m/i, and even at 
wavelengths between 200 m/i and 250 m/i only 
low-contrast images are obtainable. For photo- 
graphy in these regions, the following two 
methods may be used — 

(i) reduction of the gelatine to a minimum 
so that its absorption becomes negligible, or 

(ii) formation, at the surface of an orduiary 
emulsion, of a fluorescent screen which converts 
the ultra-violet light into actinic radiations not 
absorbed by the gelatine. 

In the first method, the plates may \>e 
prepared by V. Schumann's technique (1893). 
or its variants (in which a fine-grain preapitalc 
of silver bromide is deposited on a gelatine^ or 
emulsion-coated plate), but the sensitive layer 
is then very suscepti w to abrasion. 
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The second method is due to J. Duclaux and 
P. Jeantet (1921), who used a fluorescent layer 
consisting of a mineral oil. It was therefore 
necessary to degrease the plate before processing. 
According to T. Cyman (1923), it is possible to 
reach 58-4 m/^ by this method. Nowadays, 
water soluble substances are used (J. Thovert), 
1933). e.g. by bathing the plates for some 
minutes in a i per cent alcoholic solution of 
sodium salicylate, and drying in a current of air. 
This gives more reproducible results, and of 
course, does not have to be removed before 
development. Some manufacturers supply 
sensitive materials with the emulsion ready 
coated with a thin layer containing a strongly 
fluorescent compound. 

218. Optical Sensitization. While investigat- 
ing the cause of the heavy veil he obtained after 
handling collodion-silver bromide plates in 
orange light, H. Vogel (1873), discovered that 
coloration of the halide with a red] dye, coral- 
line, made the emulsion sufficiently sensitive 
to green light to allow photographs to be taken 
through a green or yellow filter with quite 
reasonable exposure times. He followed this by 
showing that a basic blue dye, cyanine, sen- 
sitized feebly to the red, though generally 
causing fog and stain as well. 

It was soon observed that improved results 
could be obtained for green-sensitization with 
eosin (J. Waterhouse, 1875) and even better, 
erythrosin (J. M. Eder, 1878) which is still used 
in emulsions with slight green-sensitivity, and 
is typical of the acid dye sensitizers. 

Dye sensitization may be obtained by the 
addition of the dye to the liquid emulsion 
during its manufacture, or by bathing the plate 
or film in a very dilute solution of the dye. 

Emulsions sensitized in this way are called 
orthochromatic (or sometimes isochrotnatic) when 
the sensitivity is extended to the green, or 
panchromatic, when it includes all or part of the 
red region. At one time, when a satisfactory 
method of making panchromatic plates was 
still unknown, some were marketed which were 
blue-sensitive with a vexy email extension in 
the red, but manufacture of this type of plate 
has been discontinued. 

The emulsions sometimes called orthopan- 
chromaUc, made duefly for amateur use, are 
panchromatic but with low sensitivity in the 
led. Their spectral sensitivity is thus inter- 
mediate between that of orthochromatic and. 
modem panchromatic emulsions. 

After A. Traube (1902} had discovered the 


excellent sensitizing action of an isocyanine, 
ethyl red, to green and orange light, £. Koenig 
and his collaborators, from 1903 onwards, imder- 
took a systematic investigation of isocyanines 
and other dyes of the cyanine class. They pre- 
pared a series of sensitizers which made possible 
the manufacture of materials with greatly 
increased colour sensitivity, and red sensitivity 
extending much farther than any that had 
previously been available to photographers. 



Fig. 17. t. Comparison of the Visual Sensi- 
tivity { V ) and the Photographic Sensitivity 
of an Ordinary Emulsion (P) to Different 
Wavelengths 

The World War of 1914 caused British and 
American research workers to investigate the 
constitution and s5mthesis of these dyes, which 
had previously been exclusively manufactured 
in German dye-stuff factories. Their work led 
to new sensitizers of the same class which 
extended the region of spectral sensitivity more 
and more, even to the near infra-red. The first 
publications on this subject were those of W. J. 
Pope and his pupils (1918), then L. E. Wise and 
E. Q. Adams (1918), but among the numerous 
chemists who have contributed to the knowledge 
of this field, the following should be mentioned : 
in Germany, B. Homolka (1905), C. Scheibe 
(1918), W. Koenig (1922), 0 . Wahl (1928), W. 
Dieterle (1930), W. Zeh (1933): in England, 
W. H. Mills (1918), Miss F. M. Hamer (1923), 
J.’ D. Kendall (1930) ; in the U.S.A., H. L. 
Haller (1920), G. 0 . Gutekunst (1922), L. G. S. 
Brooker (1930) ; in other countries, E. Calzavara 
(1927), G. Schwarz (1934). Most of these 
workers continued to discover new types of 
sensitizing dye, or to improve the methods of 
production. These new dyes are prepared by 
the manufacturers of emulsions for their sole 
use, and the identities of the best, which ait 
actually used, are not publi^ed. This, of course, 
makes publications of methods df sensitization 
by the user of little int<nest. 
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The discovery in 1928-30 of new sensitizers 
made possible the production of the modem 
fast panchromatic emulsions, the use of which 
rapidly became general in the film industry and 
then in most photographic studios ; at the same 
time the substitution of thiocyanines for 
erythrosine considerably improved the ortho- 
cli^omatic emulsions of the roll-films largely 
used by amateurs. 

219. Dyes used as Sensitizers. We shall 
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consider here only the basic dyes of the cyanine 
class, which are now in universal use. 

Assuming that the reader has some know- 
ledge of chemical formulae, two examples of the 
structural formulae of simple cyanine dyes are 
given. The first is a pseudocyanine, known 
commercially as pinacyanol (Fig. 17.2); the 
second, a S3mimetrical thiocarbe^yanine, with 
a methyl radical on the middle carbon atom of 
the methin chain which links the two hetero- 
cyclic nuclei (Fig. 17.3). This type was dis- 
covered by Miss F. M. Hamer, in 1928, and has 
become of considerable practic^ importance. 

Fm each pseudocyanine there is a corres- 
ponmng true cyanine and an isocyanine, in 
which the carbon chain connecting the two 
rings is in the positions marked I and II 
respectively in Fig. 17.2. On the other hand, 
there is only one t3rpe of thiocyanine. 

In the fust sensitizers of the cyanine class, 
the bridge between the rings consisted of a single 
group (i.e. :€H*). Great progress was made by 
the ^thesis of the first carbocyanines, in which 
the Imdge is increased by a vinylene group, to 
become : CH*CH : CH*. Moreover dyes can now 
be made in which further vinylene groups are 
included to make the bridge of 5, 7, 9, and even 
II carbon atoms, although the latter are very 
unstable. The German nomenclature is based 
on the number of carbon atoms in the bridge, 
uiiile the other systems are derived from the 
number of vinylene groups (CH:CH*). Thus 
a dye with ii bndge carbon atoms is known as an 


undecacarbocyanine according to the German 
system, but as a pentacarbocyanine in the other 
more generally used systems. 

The sensitivity conferred by the cyanine dye 
on the emulsion extends further towards the 
long wavelengths the greater the number of 
carbon atoms between the two active nitrogen 
atoms (N) in the dye. Thus, a true cyanine 
sensitizes further than an isocyanine, which in 
turn sensitizes further than a pseudocyanine. 
Similarly, for any given type of dye, introduction 
of another vinylene radical into the bridge shifts 
the maximum sensitivity approximately loomfi 
towards the longer wavelengths, hence the con- 
tinued efforts to increase the length of the chain. 

While the thiocarbocyanines sensitize to shorter 
wavelengths than the corresponding jiseudo- 
carbocyanines, they are easier to prepare, with 
better yields, more stable and have less tendency 
to fog the emulsion. The dyes in which sulphur 
is replaced by selenium (selenacyanines) sensi- 
tize to considerably longer wavelengths than the 
analogous thiocarbocyanines ; on the other hand 
the oxycyanines (in which oxygen replaces 
sulphur) are lighter in colour and sensitize in 
the blue region of the spectrum, and are there- 
fore often used to increase the speed of positive, 
silver chloride emulsions. 

There is not space to list all the known types 
of sensitizing dyes derived from the cyanines, 



Fig. 17.3. Structural Formula of 
Thiocyanine 

but to give some idea of their diversity, there 
are sensitizers with three nuclei (neocyanine, 
allocyanine, etc.); dyes in which one of the 
quinoline or benzthiazole nuclei is replaced by a 
pyridine ring (Pyridinocyanines) or by a tertiary 
amine (hetnicyanines ) ; others in which one or 
more of the carbon atoms in the bridge is 
replaced by nitrogen (azacyanines ) ; and those 
in which the chain links one heterocyclic 
trivalent nitrogen atom with an oxygen atom 
attached to another heterocyclic ring (mer<h 
cyanines). 

2M. The Mechanism of Optical Sensitization* 
Optical sensitization is the term generally used 
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for the extra spectral sensitivity induced by 
dyes. There is no general rule for predicting 
whether a dye will be* a sensitizer, but all 
sensitizing dyes are strongly adsorbed to silver 
halides, through the basic nitrogen atoms in 
the molecule (S. E. Sheppard, R. H. Lambert 
and R. D. Walker, 1939). It is important not 
to confuse absorption with absorption ; adsorp- 
tion is the attachment of a soluble compound 
to the surface of an insoluble body. The 
adsorbed compound is thus concentrated locally, 
and cannot, generally speaking, be removed 
by washing with solvent, but only replaced by 
another compound. Although the effects are 
often negligible at the surface of a comparatively 
coarse substance, they are of great importance 
when the substance is porous (for example, the 
activated carbon used in gas masks) or in an 
extremely finely divided form, because of the 
comparatively greater increase in surface area 
(e.g. a I cm cube has a surface area of 6 sq cm, 
but if this is divided into cubes of i micron side 
(o'ooi mm) the surface of the same volume of 
material is now 6 sq m, i.e. 10,000 times as 
great). 

The sensitivity curves of an emulsion vary 
according to the particular halide or mixture 
of halides used ; the maxima, however, always 
coincide with those of the spectral absorption 
curve of the dyed silver hsdide (Leermakers, 
1937). since the only active radiations in a 
photosensitive system are those absorbed by 
the system (C. J. D. von Grottlees, 1818; J. W. 
Draper, 1841). On the other hand, the chromatic 
sensitivity of the dyed silver halide does not 
correspond with that of an alcoholic solution 
of the dye, the sensitivity maximum always 
being at a longer wavelength than that of the 
maximum absorption of the dye solution, 
although it does sometimes correspond with the 
absorption spectrum of a layer of dye on glass, 
formed by evaporation of an aqueous solution 
(A. Schontag, 1940). 

The sensitivity curve of an emulsion varies 
considerably with the concentration of the dye, 
the soluble bromide content of the emulsion, 
and sometimes with the time the dye is in 
contact with the silver halide before the emulsion 
is coated and dried (G. Schwarz, 1939). The most 
efficient sensitization corresponds to the adsorp- 
tion of the dye in a polymerized form, which 
mves a very intense, absorption band at a 
longer wavelength than that of the non- 
polymerized dye (G. Scheibe, 1939). The 
presence of even a small proportion of an 
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organic solvent (alcohol, acetone, etc.), destroys, 
or at least reduces the degree of polymerization, 
and so prevents optimum sensitization. 

At the optimum concentration, the dye is 
completely adsorbed to form a monomolecular 
layer at the surface of the silver halide grains 
(J. Eggert and M. Biltz, 1938). A larger excess 
of dye will remain free in the gelatine, thus 
forming a colour filter and reducing the effective 
sensitization. 

A mixture of two or more sensitizing dyes is 
often used in practice, so that the maximum 
sensitivity of one will compensate for the 
minimum of another. Moreover, the sensitizing 
power of certain carbocyanines is considerably 
increased, at certain wavelengths, by the 
addition of isocyanine or pseudocyanine bases, 
although these bases may by themselves have 
no appreciable effect at these wavelengths. 
Similar effects can be obtained even with 
substances which are neither dyes nor sensitizers, 
such as aminoquinolines or basic styrene com- 
pounds (C. E. K. Mees and B. H. Carroll, 1937). 
Emulsions which are thus supersensitized are 
very stable and free from fog, in general un- 
like those which have been hypersensitized 
(§262). 

The facts seem to suggest that the light 
energy absorbed by the dye is transferred to the 
silver halide, without destruction of the dye; 
thus the mechanism of latent image formation 
is the same as when the light is absorbed directly 
by the silver salt (E. Baur, 1928). The sensi- 
tizing action of a dye disappears almost com- 
pletely at the temperature of liquid air, but 
reappears on reheating (W. F. Berg, 1939). 

221. Properties of Optically Sensitia^ Emul- 
sions. The sensitivity at those wavelengths 
where it is induced by the dye is invariably lower 
than the initial sensitivity, where the light acts 
directly on the silver halide ; this is made clear 
if an equal energy spectrum is printed on to the 
emulsion. The sensitivity to blue light is always 
reduced slightly by dye sensitization (Lhppo- 
Cramer, 1940). 

The dye sensitization is always more efficient 
on the smaller grains than on the larger, since 
the ratio of the absorbing surface to the mass 
of silver salt is so much greater. In a very fine- 
grain panchromatic emulsion, the speed to 
yellow li^t may be ^ual to, or even greater 
than the initial blue-light spe^ of the undyed 
emulsion, with a corresponding gain in the 
white-light speed. For larger grain^ emulsions, 
the speed increase is not so noticeable, except 
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when using artificial light, in which the red 
predominates. 

The gamma (contrast factor), for constant 
development , is very low at the short wavelengths 
because of the absorption by the gelatine, is 
constant for a small interval each side of 300 m^, 
then increases steadily up to the limit of tne 
natural sensitivity of silver bromide towards 
500 mfA, It then rises sharply to become nearly 
constant in the region of dye sensitivity. This 
increase has been attributed to the contribution 
of the more completely optically sensitized fine 
grains, which are thus relatively more important 
at the longer wavelengths, and which naturally 
give increased contrast (S. D. Threadgold, 
1935)- A certain panchromatic plate made in 
1939, designed specially for tricolour work, does 
not suffer from this defect. Images formed by 
exposures to blue, green, and red light respec- 
tively all have the same contrast when developed 
under identical conditions. 

Incorporation of substances in the emulsion 
which absorb the near ultra-violet (e.g. para- 
nitroaniline) at the correct concentration have 
made possible the preparation of a plate suitable 
for spectroscopy, in which the gamma is sub- 
stantially constant over the interval 250-375 m/i 
(E. P. Davey and M. D. Gauntlett, 1945). 

The reciprocity failure of dye-sensitized 
emulsions is such that if two differently 
coloured parts of a picture are reproduced as 
equal densities at one exposure time, they will 
still be equal if another time is used (J. H. Webb, 

* 1933). In other words, reciprocity failure is the 
same in the various parts of the spectrum in any 
one emulsion. 

The way in which exposures to light of 
different colour, given either simultaneously 
(A. van Kreveld, 1934) or successively (J. H. 
Webb, 1936), add to produce a density does not 
depend on the colour of the light, provided that 
the intensities of the exposures being compared 
are so chosen that they produce on their own 
the same density in the same time. (See § 262 
lor the effects of adding exposures of different 
intensity.) 

282 . Tests of Coknir Sensifivily. The first idea 
which appe^ to occur to the practical photo* 
gnpher deniing to ascertain the colour sensi- 
tivity of an orthochromatic or panchromatic 
emuuion is to photograph a chart of colours, 
each as a sample card of paints, first with the 
emulsion und^ test, then with an ordinary 
ennilsion, and to compare the results when 
developed to the same gamma. Nothing is more 


deceptive than such a test. To be^n with, the 
surfaces of all objects diffuse a certain amount of 
white light. It is this reflected light only which 
produces the images of coloured objects which 
appear on ordinary emulsions. Secondly, a true 
comparison can be made only when the exposure 
times are inversely proportional to the speeds 
of the emulsions; otherwise the relatively 
over-exposed negative will have a lower contrast 
in the blue and violet because of solarization. 
Finally, a large number of red pigments are 
slightly tinged with violet, and the effect which 
may easily be attributed to the red will be solely 
a manifestation of the extreme sensitivity of the 
emulsion to the violet ; and even the greens and 
blues are always more or less impure. More 
reliable results can be obtained by using colour 
charts specially designed for the purpose. In 
these charts, each coloured area has alongside it 
an area of neutral grey of the same luminosity. 
The criterion of perfect colour rendering is that 
the grey and colour should give exactly equal 
densities on the material in question. In an 
alternative type of test-chart, each coloured area 
has a scale of greys of known density alongside. 
In this case, the density of the coloured area is 
matched to one of the densities given by the 
grey scale, thus showing equal sensitivity to the 
coloured light and the appropriate luminosity 
of neutral grey. 

More convincing results can be obtained by 
exposing each sensitive material, with the same 
exposure time (but not necessarily the same 
light intensity) behind a chart consisting of 
three strips of the tricolour filters, and a fourth 
of clear uncoloured material. Combined with 
this is a neutral photographic “wedge “ arranged 
so that the lines of equd density are perpen- 
dicular to the strips of colour filter. Then the 
material which is most sensitive to red^ for 
instance, is that in which the difference between 
the wedges produced by white and red light is 
least. The difference between the wedges 
produced by the three colours and white do not 
give any significant information tmless the 
transmissions of each filter are known and the 
^edge constant has been determined for the 
light transmitted by each filter (§ 215). 

A print should be made through & strips of 
colour filter, each of which is double thickness 
for half its width, and the wedge. ThAn if^ 
for example, the wedge constant for green li§^t is 
0*45, and if the difference between the l^gths 
of the wedges obtained through the two diffmnt 
thicknesses of green filters is 2 cm, the 
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transmission factor of the filter for the total 
light it will pass, is the reciprocal of the number 
whose logarithm is 2 x o-45(=: 0-9), i.e. 0125 or 
1/8. The analogous calculations for the other 
filters are made, and the relative speeds (thres- 
hold speeds ; relative to the white light used) to 
the blue, green, and red components can be 
deduced. The sensitive material is exposed under 



the wedge and filters, developed, and the lengths 
of the wedges produced by white and green light 
measured (/ and V). The corresponding wedge 
constants being k and k‘, then (kl — k'V) is the 
logarithm of the ratio of the speeds to white and 
green light ; similarly the ratios of white to blue 
or red can be calculated. 

223. The method which gives the most 
complete information is the use of a spectograph ; 
but it must be remembered that it is very easy 
for publicity purposes, to prepare completely 
misleading spectrograms. 

If an equd energy spectrum is easily obtain- 
able, the sensitive material is merely exposed 
to it, developed, and the 


which material is the fastest for each wave- 
length, and which is sensitized farthest towards 
the long wavelengths. 

If a neutral black glass wedge is placed in 
front of the slit of the spectrograph, the resulting 
image of the spectrum will vary in intensity 
logarithmically in the direction parallel to the 
slit. Thus the height of the developed image 
^11 be greater the faster the emulsion, for any 
given wavelength, allowing for the spectral 
energy distribution of the light, the dispersion 
and absorption of the spectrograph, and the 
spectral transmission of the wedge. Fig. 17.4 is 
a positive print of such a spectrogram, with the 
wavelength in 10 Tcifi automatically imprinted. 

Because a plain incandescent lamp was used, 
which gives light rich in red and deficient in 
blue, the speed to red light appears greater than 
to blue, whereas actually, for that emulsion, it 
was only a fraction of the blue speed. This 
disproportion can be exaggerated by the glass 
not being neutral, or the light of even lower 
colour temperature, and still more by using in 
place of the diffraction grating a prism, which 
gives a spectrum in which the red end of the spec- 
trum is seriously compressed relative to the blue. 

The curves in Fig. 17-5 represent diagram- 
matically (with the heights in the dye sensitized 
re^ons exaggerated to show the different senisi- 
tiziiigs more clearly) the densities on the 
spectrograms obtained, with a glass optical 
system, on various sensitive materials, (i) is an 


curves of density against 
wavelength plotted. Altern- 
atively, several exposures 
may be made with the slit 
progressively widened, but 
with the same exposure 
time. Thus the intensity 
of the light is increased 
step-wise, and the sensi- 
tivity curve is obtained by 
plotting, as a function of 



Wa¥%i%n^th in nyiib 


Fig. x7'5. Spectral S'iNS|STtviTY Curves op Different Emulsions 


wavelmgth, the reciprocal of the light ffux (i.e. 
slit width) necessary to give a certain developed 
density, e.g. i. 

In general, however, the exact spectral energy 
distribution is not known, and thus it is oxUy 
possible to compare Various emulsions. In each 
case the same ihten^ty and quality of light (half- 
mtt light, "daylight,'* etc^ the same exposure 
time, and devdopment tothe same gamma must 
beu^ It will then be obvious frm the curves 
showing density as a funcdon of wavelength 


ordinary emulsion, (2) orthochromatic emulsion 
of the old type sensitized with er3^hrosine, (3) 
orthopanchromatic emulsion, {4) modem pp- 
chroxnatic emulsion, (5) panchromatic emulsion 
with specially high red sensitivity for scientific 
work, (z + 6) to (i *f 9) emulsions sensitized to 
different bands of the in/ra-red It is noteworthy 
that the carves (3) and (5) in their behaviour at 
the long^ wavelength ends, diow the type of 
sensitizatiau induced by cyanine dyes in their 
pdymerized States^ jPend^matic plates often 
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show a slight gap in sensitivity in the blue- 
men. This is done deliberately to allow 
mspection of the material after manufacture in 
dim green light. The gap is unnecessary where 
the materials are made and packed automati- 
cally, and statistical control by inspection of 
samples can be used. 

224. Filters. When a photograph is taken in 
white light, the blue radiations are so much more 
effective that there is almost no difference between 
the negative of a coloured subject obtained on 
an ordinary emulsion and one on an emulsion 
sensitized with erythrosine. To compensate for 
this difference between the visual and photo- 
graphic effects, the excessive activity of the 
ultra-violet, violet, and blue radiations must be 
reduced by absorbing them more or less com- 
pletely by means of a filter. In particular, the 
ultra-violet rays do not contribute to the 
visible colours, and so must be completely cut 
out by the filter. Apart from unusual cases, the 
reproduction of coloured objects in monochrome 
in their correct tones, as for instance they would 
be rendered by an artist, draughtsman, or 
engraver, is thus only possible on panchromatic 
emulsions. If a filter was used of which the 
product of the photographic activity at each 
wavelength, and the intensity transmitted was 
proportional to the physiological activity on 
an observer with normal colour vision of that 
radiation, then the colour reproduction would be 
as perfect as that of a grey scale. Thus, in the 
ideal case, a different filter would be necessary 
for each emulsion, even if the latter were only 
slightly different. In actual practice, however, 
this is not necessary. The light reflected by a 
coloured object is never monochromatic, while 
any colour can be matched in photographic 
effect by an equal intensity of light covering 
quite a broad band of the spectrum. It is, 
therefore, quite sufficient to use a filter which 
gives the correct photographic representation 
of the three primary colours on the panchromatic 
material in use ; the same filter can be used with 
all emulsions in which the spectral sensitivity is 
roughly the same. The tolerance would not be 
greater than that of the reproduction in greys of 
a coloured object by two equally experienced 
artists. 

Instead of tr3^g to produce a photographic 
.spectral sensitivity curve that matches exactly 
tm visual curve, it is quite sufhdent to use a 
filter that cuts out the ultra-violet completely, 
and reduces the blue-violet activity to a reason- 
al^ level compared with the rest of the 


spectrum. A yellow filter, whose absorption is 
governed by the relation of the blue to the 
dye-sensitized speeds of the emulsion, meets 
these requirements. 

The sensitivities to green and red of ortho- 
panchromatic emulsions are usually fairly well 
adjusted; panchromatic emulsions, however, 
have a slightly higher speed in the red region, and 
thus tend to reproduce reds in too light shades 
of grey. To correct this, it is necessary to cut 
down the red a little as well as the blue, and thus 
a light green filter is used. 

225. When artificial light, which is rich in 
red radiations but deficient in blue (e.g. from 
incandescent filament electric lamps), is used, 
the photographic activity is chiefly in the dye- 
sensitized region, especially in the red. 

Thus one advantage of using a panchromatic 
emulsion (apart from the better reproduction 
of colour) is the maximum use of the light at 
one's disposal, since in this case all the light is 
used, whereas the larger portion of the radiations 
will be ineffective on an ordinary emulsion. 
Thus it is best to use panchromatic materials 
whenever a photograph is to be taken in 
artificial light, unless the light is very much 
more intense than usual (e.g. stage photography 
during an actual production). 

It must be remembered, however, that 
because the light is so rich in red radiations, 
the representations of the reds will always be too 
light. If the intensity is sufficient to allow the 
use of a filter, one should be chosen that reduces 
the blue fraction only slightly, but absorbs a 
much larger part of the red light than one for 
use in daylight. When the intensity cannot be 
increased without difficulties arising from ex- 
cessive heat generated by the lamps (e.g. in 
cinematography) the best solution is to compen- 
sate for the redness of the light by careful 
choice of the colours of the scenery and costumes, 
and by the actors using a make-up very different 
from that used in the theatre or the street. 

226. The photographic effect on an ortho- 
chromatic emulsion, using a yellow filter for 
correction of the colour balance, is very similar 
to the visual effect obtained by examining the 
subject through a green filter sufficiently dense 
to make all other reds appear dark grey. Some 
manufacturers of panchromatic materials supply 
a vision filter, through which the object will 
appear at intensities conesponding to those 
obtained by photographing the object wijthout 
using a filter. The effect of the photographic 
filter may then be observed simply by inspecting 
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the object through both filters. This may be 
useful in making a choice between several 
filters, as the one that will give most correct 
colour reproduction can then be selected. 

227. Obviously, a subject containing no red 
objects can be photographed quite satisfactorily 
on orthochromatic material. 


17.6, 17.7, and 17-8 irspcctivi'ly. The red and 
yellow are of about equal luminosity, and it 
will be seen tlial the tjrdinaiy plate, being 
insensitive to both red and yellow, has rendered 
the van as a unifonn dark grey. Tlie contrast 
has been completely destroyed, so that the 
lettering on the side 0} the van has disappeaied. 



I'lG, 17.8 i \ NtGAllVE 1 1IK«)M\1IC TlM I 


Discouraged by the so-called "panchromatic 
plaU s” supplied at the beginning of the century 
(in which the dye-sensitization was largely 
illusory) many professional photographers 
resisted for a long time the general use of 
panchromatic emulsions, esp(’cially for portrait 
work. The cinematographic industry, which 
began to use panchromatic him in ])lace of the 
orthochromatic in use prior to 1025, was largely 
resp^Jiisihle for the general usage; of panchromatic 
materials, and rendered colour reproduction 
given by the older orthochromatic types 
inacceptable. 

The reproduction of a red and yellow van on 
ordinary, orthochromatic and modern, fully 
sensitized panchromatic [ilates is shfiwii in 1^'igs. 


The use of orthochromatic material has iiii 
proved the result, but tlie red upper half of the 
van still appears too dark, e.g. it is as dark as 
the black tyres. This fault is corrected by the 
panchromatic plate, which gives an accurate 
reproduction of the colours on a monochromatic 
scale. The improved rendering of the back- 
ground, especially the sky, will be noticed, 
particularly on the panchromatic plate. 

hrorn an aestlu'tic point of view, it might be 
argued that the modern jianchromatic materials 
are almost too perfect, in that, if used without 
a correcting filter, they reduce or even com- 
pletely suppress tin; differences between areas 
of contrasting colours but similar brilliances, 
thus lemoving the interest in a subject in which 
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the attraction lies in the contrast of colours. Of 
course these objections do not apply to technical 
or scientific work, where a uniform sensitivity 
throughout the spectrum is mostly required. 

228. Yellow Filters. Brownish-yellow glasses, 
coloured throughout their thickness were used 
at first as yellow filters. They were practically 
equivalent to a combined light orange-yellow 


direct dyes (used especially for dyeing “Cello- 
phane' ') are very permanent, but their absorption 
bands are shaded off and they can be used for 
decorative purposes only. Most of the dyes 
transmit the near infra-red and sometimes the 
far infra-red as well. This extraneous trans- 
mission (e.g. as shown by filter No. 58 in Fig. 
17.9) does not matter when it occurs in that part 



Fic;. 17.9. Spfxtral Absorption Curves of Some Colour Filters 

The miiiimuiii of each curve corresponds to the niaxiinuni transmission. 


filter and a smoked glass, the latter absorbing 
all radiations uniformly without any useful 
effect. The only really effective filters which 
could be prepared at that time were made of 
coloured liquids (solutions of metallic salts, or 
of artificial dyes) contained in glass cells with 
parallel sides. In spite of the advances made in 
their manufacture, filters of coloured glass are 
not so uniform nor so transparent, at equal 
efficiency, as filters of dyed gelatine. Their one 
advantage is greater stability and strength. A 
reputable m^iSer of yellow glass filters states 
that he scraps filters of which the uniform 
absorption exceeds 15 per cent (equivalent to 
the incorporation of a neutral density of 0*07). 

The enormous progress made in the methods 
for the preparation of gelatine filters (coloured 
gelatine unprotected or sealed between two 
pieces of plane-parallel plate g[lass) has gradually 
led to the manufacture of an enormous range of 
colours in tins type of filter suitable for many 
purposes. In addition, the range of satisfactory 
dy^^glass filters is now wide enough to cover 
ail normal needs. ^The basic dyes (§752) are 
usually those that have sharply out ab^xption 
bands, but they are rather unstable and, there- 
fore, add dyes are preferred for preparing 
colour ilhm. These have almost as sharp 
an absorption, and are far more stable. 


of the spectrum to which the sensitivity of 
panchromatic emulsions is negligible. 

These filters are completely defined by the 
number of grains per square metre of the given 
dye they contain (a unit suggested by Hflbl). 
The effect of a filter is commonly represented 
by plotting density or transmission against 
wavelengths. In Fig. 17.9, the curves for 
several of the most frequently used of the 
hundred or so filters supplied by one maker are 
given, the density being shown on the scale at 
the left and the percentage transmission on the 
right. The curves represent : a colourless 
aesculin filter which absorbs almost all the 
ultra-violet (No. 2), several yelfow filters of 
increasing depth (6 to 9), two yellow-green 
fifteiu (ii and 13) differing by the proportion of 
ejftreme red they transmit, and three filters 
which all transmit the infra-rad but a variable 
proportion of the far red (87, 88, and 88A) and 
several filters not often 11^, including the 
trichromatic filters (49, 58, and 25). It should 
be noted that the specie yellow fUters for use 
with the colour processes employing a coloured 
mosaic or r^seau are design^ to e<}ualize the 
photographic efi^t in the three mam spectral 
bands, and thus in general transmit too much 
vu^t for use as ^ fUtar with orthochromatic 
emuhnons. / 
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The optical theory of colour filters, with 
consideration of their placing, etc., will be 
found in % 119-20. 

2Stg. The Factors of a Colour Filter. The use 
of a coloured filter, which absorbs a greater or 
less proportion of the photographics^y active 
rays, necessitates an increase in the time of 
exposure, or area of the diaphragm in the case 
of cinematography, where the exposure time is 
fixed, to obtain the same densities when 
exposing on a neutral grey scale, with and 
without the filter. The ratio of the exposure 
times or the stops with and without filter gives 
the coefficient (or mtdtiffiying factor, or, simply, 
factor) of the filter for the particular type of 
emulsion and illumination employed. 

Many photographers imagine they have com- 
pletely defined a colour filter by giving one 
factor. Now, two filters having the same factor 
with respect to a given emulsion, and under 
given conditions of illumination (that is to say, 
two filters through which the optimum times 
of exposure will be the same multiples of the 
optimum times of exposure without the filters), 
may have very different factors, with respect 
to another emi^ion or under different conditions 
of illumination, and under the same working 
conditions these filters may produce very 
different results. 

The mistaken idea that a filter has only one 
factor under all circumstances dates from the 
days when the so-called “yellow filters" were 
equivalent to a yellow filter with comparatively 
little absorption and a fairly dense grey filter. 
Thus, the combined factor, always very high, 
was .4^most constant under different conditions 
becmise the factor of a neutral grey filter is 
constant. Nowadays, most manufacturers of 
filters take the precaution of giving a list of 
average filter factors for each type of filter 
under vinous conditions. 

When viewing objects by daylight, the 
relative effects of the three colours on the eye 
are in the following approximate proportions: 
red, 34 per cent ; green, 60 per cent ; and blue, 
6 per cent. The ideal filter reduces the respec- 
tive effects on the sensitive emulsion to these 
proportions. We can see from this that the 
most suitable filter for a certain type of emulsion 
will not be as suitable for another very different 
type of emulsion. 

Consider the case of a panchromatic emukion, 
equ^y sensitive to the three groups of spectral 
iMiations. 

If we assume that in daylight the energy is 


distributed about equally between the three 
large spectral regions in question, i.e. 33 per cent 
for each, we can say that the intensities of each 
group will be converted to the desired relative 
values by a filter transmitting 51 per cent of 
the red, 90 per cent of the p-een, and 9 per cent 
of the blue. This yellowish-green filter thus 
transmits altogether half the white light, and 
this will be compensated if we double the 
exposure. 

Suppose we use the same filter with an ortho- 
chromatic emukion practically insensitive to 
the red, and having a spectral sensitivity to the 
green and blue of 20 p^r cent and 80 per cent 
respectively. Apart from subjects conskting 
entirely of blue and greens, the result cannot 
possibly represent the visual impression, since 
the red radiations, so active to the eye, have no 
action at all on this emukion. 

With a filter transmitting 90 per cent of the 
green and 9 per cent of the blue, the photo- 
graphic effect through this filter will be: for 
the green (0-20 x 0*90), or 18 per cent of the 
total effect when the filter is not used, and for 
the blue (o-8o x 0*09), or 7*2 per cent, making 
altogether 25 per cent. To compensate, we must 
in this case give four times the exposure. 
Further, while the effect of the blue in the 
formation of the image on a panchromatic plate 
represents only 6 per cent of the total effect, it 
represents in this case (7'2/25*2) = 28-5 per cent 
of the light-energy utilized. The ef^ency of 
the filter is thus considerably reduced. 

Fin^y, let us suppose that the same yellow 
filter k used with an ordinary gelatine-bromide 
emukion, in which 2 per cent of the image is 
formed by the green and 98 per cent by the blue. 
The introduction of the Mter reduces the effect 
of the green to (0*02 x 0*90), or 1*8 per cent, 
and of the blue to (0*98 X 0*09), or 8*8 per cent, 
altogether 10*6 per cent. To obtain the same 
image of a grey scale we must expose nine times 
as long as without the filter. The effect of the 
blue in the image thus formed amounts to 
(8*8/10*6), or 83 per cent of the light-energy 
utilized. The efficiency of the filter in thk case 
k thus practically nil. 

Whilst, relative to a constant illuminant, a 
given yellow filter may have factors equal to 
2, 4, and 9 respectively, for the various emukions 
coiuidered, a neutral grey filter transmitting 
uniformly 50 per cent of all radiations has a 
constant factor of 2, udxatever the emukion, 
and an efficiency of 0. 

We shall discover other variations in the 
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value of the factor if we consider how the ideal 
panchromatic plate behaves, in conjunction 
with a greenish-yellow compensating filter, 
relative to various kinds of artificial illumin- 
ants. The data for various cases are given in 
the following table. 



Mercury 

vapour 

lamps 

Arc 

lamps 

Gas-fUled 
lamps 
(half -watt) 

Appr()zim;iU> pcrcent.'iKe > 

|RtHl 

_ 

6o 

6i 

proportioiiB ol rays of i 

Green 

lO 

as 

33 

different colours in the 1 

Blue 

90 

15 

7 

light-source J 

1 




Proportion of rays of dill- 

Red 

_ 

30-6 

3II 

erriit colours transmitted 

] Green 

9 

2a-3 

28-8 

by the filter relative to 

1 Blue 

8t 

1*3 

0-6 

loo white light without 

) 

— 



filter . 

' Total 

I7-I 

54-4 

6o-5 

Factor of filler 


3-9 

1-8 

1*65 

Net effect of blue in formation of 




Image 


47% 

3-4% 

1% 


In short, the factor of a filter is higher the 
more active the absorbed radiations in their 
effect on a given emulsion, or the greater the 
proportion of them in the light emitted by the 
illuminant used. 

It will also be seen from this table that the 
yellow filter may even over-correct the colour 
balance. Thus, when used with arc lamps or 
half- watt light, the percentage of blue light 
that is effective is so small that the results are 
just as far from the true rendering of the colour 
as those of an unsensitized emulsion. 

230. Experimental Determination of the Fac- 
tors. The only elements of the subject which 
retain their relative luminosities after introduc- 
tion of a colour filter are the whites, neutral 
greys, and blacks. Each value of the factor of 
a colour filter is, thus, the ratio of the two 
exposures, which, with and without the filter, 
^ve images of the same densities, all other work- 
ing conditions being the same (same emulsion, 
same illumination, same development, etc.). 
Moreover, if the results are to be of practic^ 
value, these conditions, exposure time, develop- 
ment time, etc., must not be very different from 
those actually used in practice. This is especially 
important in determining the factors for tri- 
colour filters. For instance, if the development 
time is considerably increased for the n4;ative 
made with the blue filter, so as to obtain equal 
gammas on all three negatives, errors of up to 
50 per cent may result if this is not taken into 
account in working out the factor. Deviations 


from the reciprocity law can also cause grave 
errors in the values obtained if the test con- 
ditions are very different from those of practice. 
For example, in a series of experiments made 
with the same emulsions and using the same 
artificial light and exposure time (i/io sec.) the 
values obtained for the blue, green, and red 
filters were 17, 7, and 4 respectively. When the 
stop was kept constant, and the exposure time 
varied between i/io and 10 sec, the values were 
16, 7, and 4 (J. L. Tupper, 1940). 

In determining a filter factor, it is very 
important to make certain whether the increase 
in exposure will be brought about by an increase 
in time or in intensity of exposure. In general, 
the filter factor relating to time of exposure will 
be the larger because of reciprocity effects. 

In the absence of more accurate means, a 
subject, such as a photograph on paper devel- 
oped to a neutral tone, or a graded scale on 
black carbon tissue is chosen, and tentative 
exposures are made until we obtain through 
the filter an image equivalent to that obtained 
without the filter. 

The cost of these trials can be greatly reduced 
by making them on different parts of the plate 
or film for the use of which we wish to determine 
the factor. The parts of the sensitive film not 
being used in a test are covered successively by 
means of masks suitably placed in the camera, 
or the photograph chosen as subject may be 
mounted on a slide in front of a deep box lined 
with black velvet, so as to afford an absolutely 
black background. Several exposures can then 
be made, sliding the original between each, 
without any other adjustment. 

231. If a neutral grey wedge is available, 
an accurate determination of a filter factor may 
be made as follows (L. P. Clerc, 1938). Four 
strips of the sensitive material are given the 
same exposure time through the ^nsitometric 
wedge using exposure times and quality of light 
faiHy, close to those used in practice (e.g. 
day^ht must be replaced by one of the blue- 
glass electric bulbs called “daylight lamps “). 
Strips I and II are given the same exposure, 
while strips III and IV are both given 1/25 of that 
exposure (e.g. by moving the lamp to five times 
the distance from the plate, and giving the same 
exposure time). Strips I and IV are exposed 
to the full wlute light, but the other two are 
exposed through the filter. Then the difference 
in length between the wedges produced on 
strips I and IV corresponds to differences in 
t^ wedge density of 1*4 (kg 25 » x*4) for 
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white light, while that on strips II and III 
corresponds to the same density for the filtered 
light. It is thus possible to calculate the 
wedge constants Kjip^ and as in § 215. 

Now comparing strips I and II or III 
and IV, two equal low densities on the wedges 
are matched, and the distances Ip from the 
end of the wedge measured. Then the equal 
densities on the copies were produced by 
equivalent densities of the wedge, and their 
relationship is IjpKfp = IpKp -|- log C. Thus 
the filter factor is the number whose logarithm 
is equal to Iw^w ” 

To find the factor for the filter with another 
emulsion, if the same wedge and lamp are used, 
it is only necessary to make strips I and II or 
III and IV, as the wedge constants are already 
known. 

232. Orthochromatic Emulsions in Practice- 
Portraiture. The essential part played by the 
red ra^ations in the colouring of the face is 
shown by the complete alteration of the colours 
in the light of a mercury arc. The orange 
coloration of the skin, with spots and red streaks, 
yellow freckles, and small reddish veins run- 
ning along wrinkles, are not particularly 
noticeable on anyone's face, but are considerably 
accentuated by a photograph on an ordinary 
emulsion. In order to avoid rendering the 
skin too dark, the photographer over-exposes, 
thus sacrificing detail and gradation in light 
clothing. 

The use of an orthochromatic emulsion with 
a yeUow filter considerably assists the rendering 
of blonde or red hair, blue eyes, the purplish 
shadows which give the eyes their relief, lips, 
and certain colours of the ^ess, but still leaves 
a great deal to be retouched, e.g. minute defects 
in the skin, wrinkles, etc. The use of pan- 
c^oma^ic plates, however, leaves nothing for 
the ref^cher to do beyond taking out mechan- 
iod defects in the sensitive film, and the '' re- 
juvenescence " of the sitter, often necessary 
but obviously not capable of accomplishment 
by any photographic process. It is very pleasing 
to di^pdae the ngns of increasing age, and it is 
certainly the use of a panchromatic emulsion 
with appropriate iDumination that avoids this 
inevitable change more satisfactorily than the 
use (A ordinmy emulsions. 

In daylight, a panchromatic plate or fibn 
should be us^ with a fairly light-coloured 
ffltcr, either yellow or greenish-yeUow according 
to whether the emul^n is more sensitive to 
green than red or vice versa. Under artificial 


lighting conditions, where there is an abundance 
of red but little blue light, the filter used should 
only absorb red, i.e. a light blue or blue-green 
filter. 

It is interesting to note that the photograph 
of a negro on an emulsion sensitive to infra-red 
produces, as regards skin pigmentation, the 
almost complete filusion that it is the photograph 
of a fair-skinned person. 

233. Landsciqie, Aerial Perqiective and Mist. 
Among pictorialists in photography — those who 
exercise a large measure of personal control and 
produce works which owe nearly as much to the 
brush as to the photographic process— ortho- 
chromatic materials are often considered useless 
for landscape photography. But for those who 
wish to obtain by purely photographic methods a 
tone rendering as near as possible to the interpre- 
tation of an artist using only black and white, 
the only process for photographing a landscape 
is on an orthochromatic or panchromatic emul- 
sion with an appropriate colour filter. 

It is worth remarking that it is sometimes 
possible to obtain a photograph of a multi- 
coloured landscape on an ordinary emulsion, 
using exposure times considerably greater than 
the minimum necessary, which difter little in 
their colour rendering from those obtainable on 
orthochromatic or panchromatic emulsions. 
This is because the subject is reflecting quite a 
large part of all the radiations besides those of 
the individual colours ( 0 . Bloch and W. H. 
Dimsdale, 1938). This obviously does not npply 
to such subjects as stained-glass windows, 
close-ups of highly coloured objects against 
almost neutral backgrounds, or photographs in 
artificial light, where the red light predominates. 

234. Two things have to be considered in the 
use of orthochromatic emulsions in landscape 
work : the rendering of distance, and the 
interpretation of different colours. 

In a negative of open country, taken without 
special precautions, the image of the distance 
is always shrouded in a more or less dense mist, 
in which details disappear. At the time of 
taking, these details were probably easily 
perceptible to the eye through the bluish haze 
near the horizon. 

Even when the atmosphere appears to us 
absolutely clear, it, is in fact a turbid medium, 
the effect of which is greater in proportion to 
the space between distant ot^ects and tiie lens. 
For instance, after rainfall, when th^ air 
app^ clear, it is in fact turbid with micro- 
scopic drops of water in suspenston. Like an 
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turbid media, it is practically transparent to 
infra-red rays, but stops in increasing propor- 
tions greens, blues, violets, and ultra-violet rays, 
i.e. the shorter wavelengths. These radiations 
are not, however, absorbed appreciably, but 
diffused in the same way as any light is disused 
by a fog or mist ; hence the peculiar appearance 
of photographs obtained by ultra-violet radiation 
alone (§15). 

The relative intensities of the light diffused 
in normally clear or hazy atmosphere are 
inversely proportional to the fourth power of the 
wavelength (Lord Rayleigh). This is the reason 
for the blue colour of the sky. When passing 
from ultra-violet 350 to infra-red 800 m^u, the 
intensity of mist is therefore reduced in the 
relation (8/3-5)*, i-e. 27 : i. Particles of dia- 
meter greater than 5// diffuse all radiations 
uniformly. 

The following observations serve to prove the 
selective properties of the atmosphere. Dark 
objects a long way off always appear bluish, 
and snow, golden. The sun appears redder the 
lower it is on the horizon because it is then seen 
through a greater thickness of air. The pure 
blue of the sky at the zenith in fine weather is 
due to the light diffused by the atmosphere, 
and if the sky passes to a bluish white towards 
the horizon, it is because the light is then 
diffused by a thicker layer of a more diffusing 
medium (by reason of the dust, always more 
plentiful near the ground), the blue radiations 
being accompanied, but in reduced quantities, 
by the other components of white light. Finally, 
in a fog, shadows appear blue, and a lamp 
appears to emit red light as soon as one walks 
away from it. 

The haze of distance and the progressive 
weakening of the coloration form the principal 
factors in aerial perspective, which gives one an 
idea of the respective distances of the various 
elements of a landscape. The use of an emulsion 
which is only sensitive to the blue, violet, and 
ultra-violet, necessarily estaggerates the eiSect, 
which many artists have used to excellent 
advantam but which cannot be an advantage 
in strai^tteward photography. The use of 
panchromatic plates with a suitable filter 
cutting off aH light of wavelengths below 500 m^ 
(e.g. mter No^ 15 in Fig. 17.9) will give photo- 
graphic detail to that ^ble to the naked 
e^, while the use of ffie ra^ only, or even 
the infra-^ed, exaggerates the contrasts of the 
distance, the photograph recording, details 
which c^d not be seen with the nalm eyt at 


the time of exposure. An ejmmple of this is 
given in Figs. 17.10 and 17. ii which are two 
photographs taken at the same time on ortho- 
chromatic emulsion with a yellow filter, and an 
emulsion sensitized with a neocyanine using an 
infra-red filter (No. 88 in Fig. 17.9). The extra 
detail on the distant hills is apparent, but the 
limiting distance for infra-red rays is rarely 
more than double that for direct vision — a little 
different from the miraculous claims of the 
"scientific" writers in the daily and popular 
press (§ 238). The photographs taken from the 
stratosphere by balloon made by A. W. Stevens 
of the U.S.A. over distances of some hundreds 
of miles were obtained in a region where the air 
is exceptionally clear. 

.There are two applications of photography 
in which atmospheric haze is the cause of 
special difficulties— photography at a great 
distance with telephoto lenses of high magnifica- 
tion, and aerial photography at great altitudes. 
In both cases the subject is entirely situated in 
the distance, of which the bright parts will be 
yellowed and the dark parts blued. Hence, 
considerable reduction of contrast is caused so 
that the image on the negative is very faint, a 
practically uniform haze being chiefly recorded. 
To reduce or remove atmospheric haze, in this 
case, filters of greater absorption than the usual 
orthochromatic filters must be used, although 
some improvement is obtained, especially on 
panchromatic materials, with the ordmary 
filter. Even a colourless filter that cuts out tho 
ultra-violet rays (No. 2 in Fig. 17.9) gives a 
considerable improvement. The aesculin filters, 
however, must protected by a lens hood from 
direct light other than that from the subject, as 
they give a ^ht blue fluorescence, which may 
cause some light general fog (A. B^kstrom and 
R. Johanson, 1936). 

In telephotography long expi^uibs have to be 
made, owing to the low intensity of the greatly 
nkgnified image, and one is forced to use a 
stbut camera and a heavy rigid tripod, so that 
a deep yellow filter may be used, e.g. a filter 
having an absorption represented by curve 15 
in Fig. 17.3. This transmits only the gieen, 
yellow, and red, and has a factor somewhere 
between 8 and 20, depending on whether a 
panchromatic or orthochromatic emulsion is 
used with it. 

In amalpMogra^, where the circumstances 
always necessitate, a very short exposure, it is 
not generklly possible to use filters of this degree 
of absorption , but the contrast of the image will 
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be greater, and in consequence its definition 
improved. The English and American air 
services, using very wide-aperture lenses and 
high-speed panchromatic films, having high 
sensitivity in the red, have been able, with the 
help of reddish-orange filters (Nos. 22 and 25 in 
Fig. 17.9), to obtain excellent photographs of 
ground covered with a light fog, through which 
only occasional details of the earth appeared 
visible when flying over it. One cannot hope, 
however, to pierce an opaque fog by using red 
or infra-red radiations, while the low speed 
of infra-red emulsions allows their use in 
aerial photography only under exceptional 
circumstances. 

235. The use of a light yellow filter, however 
light it is, suffices to increase the contrast 
between the white clouds and the deep blue of 
the sky, and at the same time to reduce the 
contrast between the sky as a whole and the 
ground. This reduction in contrast is probably 
more important than the colour correction; 
without the filter, the whole sky is over-exposed 
and thus the difference between the brightnesses 
of sky and clouds does not register on the 
emulsion. A light yellow filter (No. 6 in Fig. 
17.9) of factor of 2 at most on a panchromatic 
emulsion, or 3 on an orthochromatic emulsion, 
reduces the sky to its correct value relative to 
the earth, whilst still allowing the camera to be 
used in the hand. The greens of spring will, at 
the same time, be greatly lightened, but the 
greenish -blue foliage of fir trees will not be 
greatly improved — especially if one uses an 
orthochromatic emulsion having a minimum 
sensitivity corresponding with the greenish- 
blue. A deeper yellow filter (No. 7 in Fig. 17.9), 
used with an orthochromatic emulsion, for which 
it has a factor of 3 to 4, assures a satisfactory 
correction of the blue-greens and dso of autumn 
foliage, which are practically impossible to 
render correctly on an emulsion insensitive to 
red. 

For high-speed panchromatic emulsions, a 
greenish-yellow filter (No. itj with a factor of 
4 gives the best colour correction. Deeper filters 
always darken the sky too much, while they have 
such high factors that a stand must be used for 
the camera, unless the lens has a very wide 
aperture, 

236. Photogri4>h7 of Coloured Objects. The 
photQ^aphy of coloured objects presents con- 
siderable difficulties in some cases, especially 
when iht effects of the subject to be repro- 
duced are entirely dependent on the contrast 


of colours, the tonal contrasts being very weak, 
as is the case, for example, with tapestries and 
many modern pictures. An isochromatic ren- 
dering, in the strict sense of the word, which 
represents each colour by an intensity of grey 
proportional to its luminosity, may cause the 
design of the object reproduced to disappear 
almost completely, whilst a photograph on a 
non-colour-sensitive plate will ruin both the 
tones and the forms, a pattern in green and red 
being rendered as a uniform black. No fixed 
rule can therefore be given. Taking into con- 
sideration the type of subject and the result 
required, a different filter must be chosen in 
each case, so as to render each colour with a 
luminosity which differentiates it from the 
adjoining colours. 

in the more general case, when the subject 
presents both contrasts of colour and tone, 
better results can often be obtained by using 
a panchromatic plate and a yellow filter, 
rendering each colour by the luminosity with 
which it is customarily seen by the eye. With 
ortho-panchromatic emulsions, filters such as 
Nos. 8 or 9 in Fig. 17.8 will be satisfactory, 
while for a panchromatic material of high red 
sensitivity, No. 13 is more suitable. If this 
general correction leads to neighbouring colours 
being rendered in the same tone, it may be 
advantageous to lighten the reds a little rela- 
tively to the greens, in order to compensate for 
the normal attraction of the eye to the reds. 
A perfect colour rendering is possible only if the^ 
filter absorbs the near ultra-violet transmitted 
by glass, and if the emulsion is not sensitive to 
infra-red. Some whites are, as a matter of fact, 
rendered as blacks if ultra-violet has a dominant 
influence, and infra-red renders as white or as a 
very light grey a large number of colours and 
even certain blacks. 

The photography of almost monochromatic 
objects taken by themselves must be treated in 
a very different way. 

Ttie practical rules follow from the following 
principles — 

I. To render the various intensities of a 
single colour by graded densities from black 
to white (an object consisting only of inte^> 
mediate shades between a pure colour and 
white), the photograph must be taken by means 
of rays absorbed by the colour in question, but 
the absorption must be complete only in the 
maximum density of the colouring. For ex- 
ample, for a piece of Delft ware, having blue 
decoration an a white ground, a panchromatic 



164 


PHOTOGRAPHY: THEORY AND PRACTICE 


emulsion and an orange or red filter (Nos. 22 or 
25 in Fig. 17.9) sliould be used. An application 
of this principle has been made by E. Calzavara 
(1927) to the photo-micrography of histological 
specimens coloured by a ayptocyanine (sensi- 
tizer for the infra-red), the photographs being 
recorded entirely by the infra-red on emulsions 
sensitized by the same cryptocyanine, with 
interposition of a filter absorbing all other active 
radiations. 

2. To reproduce, by graded densities from 
black to white, the various luminosities of a 
uni-coloured object , presenting only intermediate 
shades between a saturated colour and black, 
use must be made of only those radiations which 
are most completely reflected by the colour of 
the object. For example, to bring out just the 
veins of a piece of mahogany furniture (without 
considering the appearance of the wood as a 
whole) a panchromatic emulsion should be used 
with a red filter (Nos. 25 or 29 in Fig. 17.9). 
Following this principle, in the case of the 
photomicrography of many insects, infra-red 
radiations are used, since the dark-brown 
epidermis which absorbs strongly light of the 
visible wavelengths, is transparent to infra-red. 

3. Maximum contrast (Case i) being incom- 
patible with maximum detail (C^ 2), if detail 
cannot be sacrificed to contrast, or vice versa, 
that is to say, if the subject consists of both 
light and dark shades of the same colour, a 
compr(»ni8e must be made between the two 
contradictory conditions given above. 

, These conditions are fulfilled with sufficient 
approximation by choosing from a set of three- 
colour filters that through which the subject 
S4;>pears to greatest advantage when seen through 
a vision &er” and preferably two thicknesses 
of the filter in question. It must be borne in 
mind that the results obtained with a pan- 
chromatiClllm and a blue filter will be practically 
identical with those on an ordinary film without 
using a filter. 

237. Photografffiy with Infrapred Rays. It 
ihoSd be borne in mind that cameras u^ for 
m£ra-ied photography must not contain any 
Qiaterial traxisparent to these rays, unless 
covered with an opaque coating (made with 
lampblack, for instance). While all metals, even 
^ thinnest sheets, are perfectly opaque, many 
tvpes of wood are more or less transparent in 
toycneasas under 1/8 in. (mahogany and d^ 
particiilarly so), unless contmning opaque 
iOings, ebraite, bakelite, and vulcamzed fibre 
ut tram^>ar^t, as are also leather camera 


bellows and paper. Moreover, lenses are not 
usually achromatic for infra-r^ rays, and the 
correct focus must be found by making triad 
exposures. The increase in focal length is 
usually of the order of 0*3 to 0-4 per cent. 

There are commercial infra-r^ emulsions of 
several types with spectral sensitivities corres- 
ponding to the curves (6) to (9) in Fig. 17.5. It 
will be seen that they have comparatively low 
speeds in the dye-sensitized band and are 
practically insensitive in a more or less extensive 
area comprising most of the green and the 
yellow. The actual limit of recording of infra-red 
light reached appears to be 1,350 m/i, obtained 
by exposing a hypersensitized plate for iz hours 
to a solar spectrum. 

Moreover, theories developed by G. Kornfeld 
(1938) indicate that the limit cannot be raised 
above 2,000 m//, and probably not above 
1,500 Ttifi. Until the fairly recent discovery of 
infra-red sensitizing dyes, photographs by 
these rays were obtained by two indirect 
methods. The use of a phosphorescent screen 
allowed H. Lehmann (1906) to reach 1,541 m/i, 
and J. Waterhouse (1873) used a prefogged 
emulsion, which he impregnated mth a desensi- 
tizing dye ; the fog was destroyed by the action 
of infra-red rays. By this method, sensitivity 
to rays of 1,130 m^ was attained on very thinly 
coated emi^ions, impregnated with malachite 
green or iodine green dye. 

Whereas plates and films sensitized to the 
near infra-red can be kept for several months 
without special precautions before becoming 
fogged to a troublesome extent (provided that 
their packing includes a sheet of metal foil), 
those sensitized to longer wavelengths must be 
stored in a refrigerator, or, in the case of those 
of extreme sensitivity at the temperature of 
carbon dioxide snow (— qs^F.) almost up to the 
moment of using (W. Dieterle and W. Zeh, 
1935). Even so they undergo a progressive 
diminution of speed which, however, largely 
returns on hypeiWnsitization (§ 226). 

These sensitive emulsions are the slower the 
farther their sensitivity advances into the infra- 
red. The exposure factor may reach 400 for 
. photography with a black filter (through which 
the sun appears red) Nos. 87, 88, 882 in Fig. 
17.9. This number is only approximate, for 
there is no proportionality between visible 
intensity and infra-red intensity in daylight 
(G. B. Harrison, Z932). For a portrait group 
taken in darioiess, &e subjects receiving oxdy 
infra-red tight given by incandescent lamps 
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through black filters, the power of the lamps 
must be about i hectowatt per square metre of 
floor in order to permit an exposure of i second 
at F/3'5- In such photographs (the same result 
being obtained if the Alter is mounted on the 
lens) faces appear chalky with colourless lips, 
the eyes are shown as black circles, and all the 
features are very accentuated. 

With an exposure of a few hours it is possible 
to photograph in complete darkness an electric 
flat-iron heated at its normal rate, or an object, 
such as a plaster bust, “illuminated” by two 
such irons. 

238. We have already mentioned (§ 234) the 
applications of infra-red to long-distance photo- 
graphy. Highly exaggerated statements have 
been made as to the possibility of photography 
in a fog. In a slight fog the range of infra-red 
photography is scarcely twice that of the \dsual 
range (equal to that of photography in a red 
light), and the increase in range is almost nil in 
fog. In particular, no success has attended 
attempts made to facilitate navigation in a fog 
by taking infra-red photographs and examining 
them in a very short time afterwards. 

We cannot enumerate here the very numerous 
technical and scientific applications of infra-red 


photo^aphy, nearly all of which are based on 
the difference of transparencies and reflecting 
power towards infra-red and towards day- 
light. One of the most interesting is the use 
of infra-red light to take photographs of the 
machines used for coating photographic emul- 
sions while actually in use, since the ordinary 
emulsions are not of course fogged by the infra- 
red light. 

Portraits taken by infra-red light show some 
unusual effects; the skin is transparent and 
allows the roots of the hairs in the beard to be 
seen. Thus, a man who has just shaved appears 
to have a beard of several days growth. More- 
over, the veins are visible, and this fact has been 
made use of in diagnosing varicose veins before 
they become apparent to the eye. While carbon, 
in the. different forms in which it is used in 
painting, behaves like black, as also do certain 
mineral pigments (iron blues, copper greens, 
and all mixtures in which they occur in large 
proportion), most usual pigments behave like 
white or light grey, hence there is an almost 
complete suppression, in the photograph of a 
coloured object, of everything that is not a 
black or a shadow, while several thin fabrics are 
completely transparent. 
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239. Supports for Sensitive Coatings. The 
terms plate, him, and photographic paper are 
api^ed to photographic products resulting from 
coating sensitive emulsion on to glass, flexible 
transparent material, and paper, respectively. 

In Daguerreotype, which was the first practical 
photographic process, a thin sheet of silver- 
plated copper was used as the support, and the 
sensitive coating was made by treating the 
surface of the silver with iodine vapour. Later, 
in the case of ferrotype, a process still used by 
itinerant photographers, sheets of iron covered 
with black varnish and then coated with a 
collodion emulsion were developed to give an 
image appearing more or less white on the opaque 
black ground, thus forming a direct positive. 

Many attempts have been made to use alu- 
minium or steel plated with nickel as a sup- 
port for gelatine-bromide emulsions, either as a 
flexible band for amateur cinematography (the 
image being observed or projected by reflec- 
tion), or as a rigid plate instead of glass in 
accurate photogrammetric work, where meas- 
urements are made directly on the negative and 
where it would be advantageous to make use 
of sensitive materials as rigid as glass plates but 
less fragile. 

240. Glass. The glass used in the production 
of photographic plates is specially manufac- 
ture(|i It must be fairly flat, of uniform thick- 
ness, isdmost colourless, and as free as possible 
from bubbles or black spots. These qualities 
are rarely united in one glass, even in the highest 
qualities. The sheets of glass, received in crates, 
are sorted according to thickness and quality 
and stored for distribution as required. Except 
in the case of very large plates the size required 
is not the size coated. Medium-size plates are 
prepared by coating a sheet which is twice or 
four times the size required, afterwards cutting 
at right angles, with automatic machinery. For 
smaU plates, a sheet corresponding with eight 
or more is u^. For certain sdentiflc purposes 
emulsions are coated on plate glass which cannot 
be cut by automatic machinery owing to its 
thickness, and so must be cut by hand, '^e glass 
is darned on both sides with dkaline solutions 
on machines having either rotating or recipro- 
cating brushes. The plates, carried on endless 


belts, are rinsed in a large amount of water and 
then coated on the concave face, on which the 
emulsion will ultimately be coated, with a 
substratum consisting of a small quantity of 
gelatine in strong alum solution. Drawn glass, 
which is sometimes used, is without general 
curvature, but has wide though slight chan- 
nellings, which are visible by highly oblique 
light. In any case, the drying of the gelatine 
coating causes a bending of the glass of which 
the emulsion-coated side becomes concave. 
The substratum causes the emulsion to adhere to 
the glass ; the plates then pass through a tunnel 
through which a current of warm air passes, 
and arrive at the end dry and ready to be 
transferred, on wooden racks, to the coating 
room. 

It is almost impossible to re-coat glass from 
old photographic negatives. Glass is not, as is 
commonly supposed, an inert material. Under 
many influences (light, atmospheric action, 
chemical treatment, etc.) it is susceptible to 
many changes, of which the most curious is one 
shown frequently by photographic plates. 
After stripping off the old emulsion and cleaning 
with great care, even to the extent of using 
concentrated and boiling nitric acid and alkalis, 
some plates will give a more or less complete 
rendering of the original image when the glass 
is silvered or when it is coated with fresh 
emulsion. (In the latter case, development of the 
fresh emulsion is necessary.) It may be supposed 
that the presence of ultra-microscopic particles, 
probably of metallic silver in solid solution in the 
glass, are the cause of this phenomenon. 

The plates, loaded end-to-end on to the end- 
less band of the coating machine, pass first 
under a coating trough, which distributes over 
them a uniform layer of liquid emulsion, and 
then through a cold tunnel, where the emulsion 
sets. The plates next pass to another endless 
band which, through moving more quickly than 
the flrst, separates them. On reaching the 
unloading station they are placed on racks for 
transport to the driers (dipng rooms or con- 
tinuous conveyor driers). 

After drying is complete the plates are exam- 
ined, cut up, and wrapped, etc., for delivery to 
customers. 

166' 
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241. Photographic Plates. The sheets of glass 
used in the manufacture of photographic plates 
are divided, according to thickness, into three 
classes— 

Extra thin glass 180 to in. 

Thin glass . to in. 

Ordinary glass Above in. 

As the lower limit for the internal dimensions 
of negative holders and plate carriers is the same 
as the nominal dimensions of the glass (with a 
tolerance of i per cent at the most) the nominal 
dimensions may be considered as the maximum 
dimensions of the sensitive plates. The cutting 
tolerances, at the most equal to i per cent, can 
bo allowed only within the nominal dimensions. 
For lengths less than 8 in. a cutting tolerance of 
from .six to eight hundredths of an inch is 
allowed. In practice an attempt is made to 
maintain a difference of less than 1/20 in. between 
the nominal and the real dimensions. In order 
that the plates may be effectively held in the 
plate holder, the dimensions of the image 
(measured between grooves or angle blocks) 
must be 5 per cent less than nominal. The 
American standard Z38. 1.30-1951 allows for 
plates below and up to 10 x 8 in., a tolerance of 
— 1/64 in. and for larger sizes a tolerance of 
± 1/32 in. 

Photographic plates are usually sold in boxes 
of a dozen. Sizes from whole plate (8J x 6i in.) 
upwards are supplied in boxes of six. In the 
interior of the boxes the plates are packed face 
to face in groups of 2, 4, or 6, often with edge 
spacers between the plates so as to keep the 
emulsions apart, wrapped in red or black paper, 
pid the various packets are themselves wrapped 
in black paper. 

242. In addition to trade particulars (trade 
mark, type of plate, etc.), the label on the box 
always has on it the emtdsion batch number, so 
that the maker, in case of claims (Chapter 
XXXII), can refer to the works renter to find 
full particulars of the emulsion in question, 
together with the results of the tests made of the 
batch. All claims relating to a supply of plates 
should give the emulsion batch number, and be 
accompanied by the reference slip (which has on 
it the number of the examiner), which will be 
found inside the box. We would urge the photo- 
grapher to examine his conscience very carefully 
before blaming the maker for failures, which, in 
the vast majority of cases, have been shown to 
have resulted from some incorrect manipulation 


during the course of the operations. The batch 
number is, moreover, of much greater value to 
the user than is generally believed. Two suc- 
cessive batches of the same formula cannot be 
absolutely identical in spite of all the care which 
is exercised, and a change in number indicates 
a variation in one or more of the characteristic 
properties of the material (slight variation in 
sensitivity and, for panchromatic emulsions, 
variations in the relation of sensitivity to the 
different colours ; variation in speed of develop- 
ment, which may be considerable, and is the 
chief variant from a practical point of view). 
Photographic plates maintain all their qualities 
for a period of time much greater than a year, 
provided they are kept under reasonably cool 
and dry conditions, and it is advisable, when the 
quantity required can be estimated, to take a 
sufficiently largo stock of plates with the same 
emulsion number to last for fiom three to six 
months. In this way one can be sure that all the 
plates used will behave similarly. 

243. Flexible Supports. The flexible supports 
on which the emulsion may be coated are 
obtained by evaporation of a concentrated 
solution of a cellulose ester and a suitable 
plasticizer, which itself is a non-volatile or very 
slightly volatile solvent. 

At first, celluloid, which is a solid solution of 
cellulose di-nitrate in camphor was exclusively 
employed. Other less inflammable supports are 
now extensively used. These consist of solid 
solutions of cellulose acetates or mixed esters, 
notably acetate-propionates, acetate-butyrates, 
acetate-laurates, etc., which are less permeable 
to water, in a plasticizer which is often an ester, 
e.g. tri-butyl, tri-phenyl, tri-inisyl phosphate 
or phthalate. For several years experiments 
have been made to replace cellulose esters by 
various synthetic resins sudi as polyamyl 
alcohols, urea-formaldehyde resins,* etc. 

In spite of the inconvenience of its inflam- 
mabijjty, cellulose nitrate has until recently been 
most widely used as a flexible support for photo- 
graphic emulsions. The non-inflammable cel- 
lulose diacetate and the mixed esters are used for 
substandard (less than 35 nun wide) dn^ film 
and for radiographic “^ety” film for use in 
hospitals. These non-inflammable supports 
absorb appreciable amounts of water which 
causes alterations in the dimensions of the 
support. In addition they are mechanically 
inferior to cellulose nitrate. 

The excessive affinity for water of cellulose 
di-acetate can oftf n be remedied by applying 
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a thin coat '(1-5/*): of j cellulose nitrate or nitro- 
acetate. Cellulose tri-acetate more nearly 
approaches the nitrate in its mechanical 
properties but unfortunately it is insoluble in 
the usual solvents. The difficulties in preparing 
tri-acetate types of support have, however, been 
overcome and this material has now replaced 
nitrate film completely in most countries. For 
the manufacture of celluloid in thin transparent 
sheets (H. Goodwin, 1B87 ; H. M. Reichenbach, 
1889), collodion, of a consistency approximating 
to that of honey, is prepared in mixing tanks 
by dissolving nitro-cellulose and camphor 
(natural or artificial), in a mixture of methyl 
alcohol with the addition of another less 
volatile solvent such as amyl acetate. The 
highly-viscous collodion is passed through a 
filter press and on to the coating machines. The 
evaporation of the more volatile solvent leaves 
a very concentrated solution in the less volatile 
one, which results in a homogeneous, non- 
porous, and transparent film which is actuaUy 
a solid solution of nitro-cellulose in camphor. 
The volatile solvents are recovered as they 
evaporate and are used again. 

The first flexible film was coated on to a plate 
glass table, about 50 ft long, by a moving 
hopper. The collodion was dried and the 
emi^on was then coated and dried before the 
complete film was stripped from the plate glass. 
Film base, as it is c^ed, is now made by a 
continuous process. The machine consists of 
a slowly^evolving large cylindrical drum with 
.a highly-polished nickel surface. A layer of 
collo^on overflows from a trough on to the 
drum, and is dried by a current of warm air. 
Before the revolution of the drum is completed 
the film is stripped off and carried by an endless 
band to the spooling machine. In some plants 
the cylindrical drum is replaced by an endless 
band of |xiilished copper, aluminium, or nickel 
coated with gelatine. 

Whatever be the base employed, it must, 
before coating with emulsion, be coated on 
the side which is to receive the emulsion with 
a substratum designed to secure adherence of 
the emulsion to the support during the various 
manipulations. This generally consists of gelatine 
dissolved in a solvent of the base, e.g. acetic add. 
Thus is obtained a transition la3rer whose 
composition varies progressivdy from that of 
the support to that of the gdatine. On the other 
hand, too good adhesion may reduce the sup{>le- 
nem of die support and cracks in the emiMon 
surface may be transmitted to the support. 


The coating of a substratum is sometimes 
replaced by a superficial saponification of the 
cellulose ester regenerating cellulose to which 
the emulsion can adhere directly. 

For coating the emulsion, the base passes 
round a large cylindrical drum, cooled internally 
to allow the gelatine to set ; a kind of tank 
formed by silver rollers, rolling by pressure 
against the film, is kept full of emul^on, which 
adheres to the film in a quantity determined 
by the temperature of the emulsion and the 
speed of the machine. The film, covered with 
wet emulsion, is hung in festoons from rods, 
distributed in a continuous manner on an over- 
head track, and thus travels a sufficiently long 
distance in the drying room, which is traversed 
by a current of warm air. The dry film is wound 
on to reels containing about 400 ft, and, after 
examination, is passed to the automatic cutting- 
up machines. 

244. Chemical and Physical Properties of Flex- 
ible Supports. Unfortunately cellulose nitrate 
and acetate are not so inert as glass but are con- 
tinually changing. Cellulose nitrate (celluloid) 
constantly releases nitric acid and nitrogen per- 
oxide owing to the presence of traces of adsorbed 
or combined sulphuric acid. The release of these 
substances proceeds very slowly in the cold and 
in darkness, but is accelerated by light, especially 
by ultra-violet, and heat. The liberated 
products can, in time, affect the sensitivity of 
the emulsion and the latent image, the action 
being more rapid as the humidity of the coating 
increases. After a time, which varies according 
to conditions of storage, and which averages 
about thirty years in temperate climates, 
celluloid disintegrates into minute fragments. 
New celluloid ignites almost instantaneously 
when heated to 170X, this temperature being 
appreciably lowered on ageing. I^olonged heat- 
ing at a lower temperature lea!^ to ignition as the 
accelerated decomposition leads to a spontaneous 
increase in temperature. Celluloid may ignite 
spontaneously when it comes in contact with 
^ electric hght bulb or steam pipes. Once 
ignited, celluloid cannot be extinguished as 
combustion takes place in the absence of atmos- 
pheric oxygen. At the most, in the first few 
seconds of combustion, one may extingui^ it by 
reducing the temperature by means of large 
quantities of solid carbon chloride. The gaseous 
comb^tion products ate rich in nitrogen 
peroxide which attacks the lungs, and when 
combustion takes place in a confined space 
carbon monoxide and a little hydro^anic add 
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may be produced, both of which are highly 
toxic. Hydrocyanic acid is more abundant in 
the combustion of supports canying a gelatine 
layer than that of uncoated support. 

Cellulose acetate supports can be perfectly 
stable when they are manufactured with 
desirable precautions and their durability is 
certainly equal to that of the best papers. 
Acetate supports do not burn as easily as paper 
and combustion ceases when out of contact with 
a flame. Combustion is without flame and is 
easily extinguished. The gaseous combustion 
products contain, as toxic substances, only 
very small amounts of hydrocyanic acid, in the 
case of gelatine-coated support. These supports 
may, however, disintegrate after prolonged 
storage in a dry atmosphere. 

Cellulose nitrate negatives must be stored in 
the dark in a cool dry place. On the contrary 
it is recommended that cellulose acetate should 
be stored at 50 per cent relative humidity ; the 
storage temperature is not critical (B. W. 
Scribner, 1939). 

245. The slow evaporation of the residual 
solvents and traces of plasticizer causes a pro- 
gressive shrinkage of flexible supports, at first 
rapid, then more and more dowly with a 
maximum shrinkage of 1*5-2 per cent after a 
considerable time. The gelatine is permeable 
to the solvents of the support only when wet 
(I. M. Culham, 1944). When immersed in water 
or aqueous solutions flexible supports expand, 
the expansion being, on average, 0-5 per cent 
for cellulose nitrate and i per cent for acetate. 
After dr5dng, the support has a shrinkage of 
about 0*5 per cent of the dimensions before 
wetting. Flexible supports absorb water from 
a humid atmosphere and give up moisture in a 
dry one. Under these conditions the expansion 
of cellulose nitrate is about 0*01 per cent when 
the humidity of the air is above i per cent. In 
the use of cellulose acetate the expansion is 
about double. The changes in dimensions are 
usually less along the roll of support than across 
it. These variations are usu^y accompanied 
by other general and local variations. 

The ixBimeision of the support in a solvent for 
the plastidser which is not also a solvent for 
cellulose ester removes some plasticiser from the 
support and causes shrinkage and warping. 
Fihns should not be immersed in a solution 
contaim^ more than ao per cent ethyl alcc^ol. 

mechanical f^perties of films vary 
considerably with tempmture and the amount 
of absorbed water. They depend also, to a large 


extent, on the qualit)^ of the cellulose used for 
manufacture of the support. At low tempera- 
tures (below 20®C) frequently encountered at 
high altitude, the films (in common with other 
plastic materials) become brittle and break when 
rolled and unrolled. The flexibility returns on 
raising the temperature. At temperatures of 
about 8o“C films begin to soften and can be 
moulded and welded under great pressure. At 
intermediate temperatures flexible supports 
can be deformed by tension ; their elasticity is 
extremely poor. After releasing the applied 
tension they may lose no more than 4, per cent 
of their elongation. Above a certain degree of 
elongation the film will yield under great tension 
and is broken. Cellulose acetate elongates more 
than nitrate under the same tension and breaks 
under a lower strain and is less resistant to 
folding. For these reasons cellulose nitrate was 
preferred for the manufacture of cinematograph 
films. 

In a high vacuum, as in an electron micro- 
scope, the evaporation of residual solvents makes 
the film very brittle. 

A cellulose support dried under uniform 
tension is very often birefringent ; the study of 
supports between crossed polarizers gives useful 
information on the tension to which the supports 
are subjected and some indication of their 
mechanical properties. 

247. The rubbing of a flexible support or its 
unrolling after spooling yields an electric charge 
which can give rise to a potential difference of 
many thousands of volts which will give a spark 
of about a metre in length. The charges are 
particularly great when the air is very dry. 
When the support is in equilibrium with air 
at 60 per cent humidity, charges of opposite 
sign which tend to accumulate on the emulsion 
si^ace and the back, neutralize each other 
through the support (V. B. Sease, 1928). In 
a dry atmosphere the discharge, which is 
prdduped causes static markings, often of tree- 
like appearance, in the emulsion. These mark- 
ings may appear as dark fog marks on a light 
background and as desensitized marks on a dark 
background in thenegative(Claydon effect, §209). 

It is necessary to protect unbacked fi^ 
(cinematograph films and films in long rolls for 
aerial photogra^y) against accidents, by means 
of an anti-static coating containii^ a hygro- 
scopic substance on a met^c salt whi^ increases 
the conductivity ol die bade of the support and 
tins facilitates die (^s^ASge cri the electrostatic 
forces. i 
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248. Cellulose nitrate and di-acetate are 
soluble in a large number of organic solvents. 
Solvents suitable for both types of support are 
ethyl lactate, methylglycol (cellusolve), dioxane, 
acetone and glacial acetic acid. Amongst 
solvents for cellulose nitrate only, are methyl 
alcohol, mixtures of ethyl alcohol and ethyl 
ether and a larger number of esters, notably the 
ethyl and amyl acetates. Cellulose di-acetate 
is soluble in methyl acetate or formate and 
in methylene chloride. Cellulose tri-acetate 
dissolves with difficulty in methylene chloride. 
When these various solvents contain an appreci- 
able amount of water they no longer hold the 
cellulose esters in solution. 

249. Papers. The properties required of 
papers which arc to be used as supports for 
emulsions vary according to the use to which 
the paper wll be put. Paper negatives may be 
\ised for printing by transmitted light, for direct 
reading, as in the case of self-recording instru- 
ments, or for reproduction only by reflected 
light, e.g. in the primitive cameras used by 
itinerant photographers and in some semi-auto- 
matic “ while-you-wait ” portrait cabinets intro- 
duced in 1928. Attempts have been made to 
induce amateurs to use negative paper in rolls 
interchangeable with roll-film, these images 
being copied by means of an episcopic projector. 

Paper for negatives should he homogeneous in 
structure, to avoid, as far as possible, the struc- 
ture appearing on the prints made from it ; to 
avoid too long a time being taken in the 
printing of each print, a thin unloaded paper 
is chosen, having sufficient mechanical strength, 
particularly in the large sizes, not to tear 
under the stress of the weight of the water 
absorbed by the paper and by the gelatine. 
When the emulsion is coated directly on 
to the substance of the paper without any 
intermediate layer, the material of the paper 
should be quite free from all impurities capable 
pf affecting the emulsion or the image in the 
course of development. Metallic dust should be 
rigidly excluded. 

In the second case, the emulsion is separated 
from the paper ''raw base,'' as it is call^, by a 
semi-opaque coating made by spreading, with 
brushes, a mixture of pure barium sulphate 
(baryta) suspended in a small quantity of 
gelatine solution; after drying, the paper is 
calradared. Papers for mat prints are coated 
with a layer in which the quantity of gelatine is 
less than it is in the case of glossy prints, and, 
further, calendering is omitted. 


The protection conferred on paper by the 
baryta coating applies only to development 
paj^rs; the print-out papers (Chap. XL), 
which contain an excess of soluble silver 
salts, are always coated on paper of excellent 
quality. Certain papers used for positives direct 
by reversal (as in automatic machines) are 
rendered water-impermeable with celluloid so as 
to reduce the penetration of the baths and thus 
the times of washing. By virtue of this isolation, 
greater latitude may be exercised in the choice 
of paper, particularly as the perfect homo- 
geneity demanded of a paper used as a trans- 
parency is not of importance ; in these circum- 
stances either "single" (thin) or double-weight 
(card substance) papers are used. 

In either case resin sizing must be protected 
against the action of alkaline baths, used for 
many operations, by adding a colloid such as 
gelatine or casein to the substance of the paper. 

For the manufacture of papers with transfer- 
able sensitive layers (stripping papers), the 
paper is first coated with a thin layer of a fatty 
substance or soap insoluble in water, which is 
covered after drying with a layer of hardened 
gelatine or collodion (which latter forms the 
actual support of the image after the paper has 
been detached), and finally with emulsion. The 
paper is not stripped until the various treatments 
(including drying) have been carried out, so as 
to give to the whole a mechanical resistance 
sufficient for the successive operations. 

To coat the emulsion the paper passes under 
an ebonite cylinder, adjusted either to a trough 
containing emulsion kept at a constant level, 
or to a second cylinder half immersed in the 
emulsion. It then passes round part of a cooled 
drum and finally is hung in festoons for drying, 
in the same manner as that already described 
for films. 

All papers increase in size when wetted and 
contract during drying, the final dimensions 
being less than the original. In the case of papers 
produced on continuous machines the variations 
are small in the direction of the roll length but 
quite appreciable across the width. 

The expansion on wetting varies from one 
paper to another but, for the same paper in the 
dry state an increase in width of 2*5 per cent and 
0'5 per cent in length may be obtained. After 
drying in air the contraction relative to the 
original dimensions may be i per cent on the 
width ^d 0*5 per cent in length. When the 
paper is wetted and dried several times, the 
above variations occur eadi time but, within 



PLATES, FILMS, NEGATIVE PAPERS, AND SPEED RATINGS 171 
limits, the dimensions of the dry paper tend to improve their work it is a drawback that it is 


become constant. 

250. Negative Paper. Negative paper, which 
is deserving of notice owing to its comparatively 
low price compared with that of plates and films, 
is generally kept for work in large sizes (direct 
negatives, or negatives made by enlargement). 
The types of emulsion used for negative papers 
are very limited and panchromatic emulsions are 
very rarely coated on paper. For small sizes, 
the grain of the paper, which always appears to 
some extent when prints are made by contact, 
masks some of the finer details of the image. 
Various means have been suggested for lessening 
the apparent granular structure of paper 
negatives. The best of these methods (Delaine, 
ig25) consists of giving the paper a light flash 
through the paper base, before or after normal 
exposure. The correct exposure for flashing 
must be found by experiment on another sample 
of the same paper. The irregular veil produced 
in processing mostly compensates for the varia- 
tions in transparency of the paper support. 
Printing and enlarging by episcopic projection 
can give good results, but the range of tones 
of the subject that can be differentiated in the 
final image is then much more limited than in 
contact printing. 

In addition to negative paper proper, and the 
various stripping negative papers (forming sup- 
ports for thin films which are stripped from the 
paper after processing), other papers are pre- 
pared for special purposes. These include papers 
for certain scientific and industrial recording 
apparatus, and papers for use with the simplified 
cameras for the copying of documents (in banks, 
for cop5ring current accounts ; in drawing-offices 
for the dupKcation of sketches, etc,). These 
negative copies are obtained “ the right way 
round " by the use of a prism (§ 123) in front of 
the lens, and, as a rule, are kept as they are. 
The emulsion of these papers is considerably 
hardened, so that it can be dried rapidly by 
heat without risk of melting the gelatine. 

251. Rdative Merits of PUtes and Filins. We 
will consider here only the point of view of the 
amateur, with particular reference to the novice, 
leaving to the professional and other users the 
responsibility for deciding for themselves in 
each particular case to which type of sensitive 
material they will give preference. 

To amateurs who restrict themselves to 
photography in good weather, the roll-film offers 

On the ot^ hancj^or thoM^who^^^h to 


impossible, without almost acrobatic opera- 
tions, to develop each negative as soon as it is 
taken. The novice who, during the day, has 
found two or three subjects worth photographing 
is always tempted to “ finish the spool " by 
photographing anything in order not to be 
obliged to postpone the development of his 
negatives. Roll-fllm cameras are usually not 
fitted with any means of focusing the picture 
on a screen, and so it is at a disadvantage in 
doing all that is best for an exposure. Also, a 
long strip of film is much less easily handled 
than a plate. 

It is possible to take advantage of the light- 
ness and convenience of the daylight changing 
associated with films, by using a film pack with 
a plate pamera, when need arises, and film packs 
are available, although at present not made by 
all manufacturers. 

On the other hand, plates offer the advantage 
of ease of individual treatment and of more 
flexible cameras. Against plates is their weight, 
and the space occupied for storage. 

252. Halation. If an attempt is made to 
register an isolated luminous point on a photo- 
graphic plate, or, if a plate is exposed to light 
under an opaque screen pierced by a small hole, 
the image of the luminous point will be found to 
be surrounded by an aureole, which is limited 
internally by a sharply defined circle, while 
externally it fades gradually into the background. 
This aureole is termed a halo, and effects of this 
kind are comprised in the term halation. In Fig. 

18. 1, a represents a luminous point registered 
without halo, and h the halo obtained on an 
ordinary plate having a thickness of 1/16 inch 
(each part of the illustration is a facsimile of 
the original negative). 

The formation of a halo is illustrated in Fig. 

18.2, which represents a magnified section of an 
emulsion coated on to a transparent support, 
whicJ^ we will suppose for the moment to be glass. 
Owing to the turbidity of the emulsion, each 
strongly illuminated point of the coating (e.g. 
the point receiving the image from the lamp), 
will itself radiate light in all directions. A 
fraction of the incident light is diffused from the 
face of the sensitive coating, and is absorbed 
by the black surfaces of the camera. Those of 
the rays which are diffused in directions almost 
parallel to the surface of the emulsion cause 
irradiaiion (§ 2X2), i.e. a ^reading of the image on 
to neighbouring portions, which we have seen to 
be negligible in or^^u^ photographic work. 
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The luminous rays diffused towards the back 
traverse the support and reach the back surface 
of the latter. Those of them which are least 
inclined pass through the surface into the air. 



Fig. i8.i. A Point { a ) and its Halo (b) as 
Obtained on a Glass Plate 


and are absorbed by the black surface of the 
negative holder ; the rays that reach the back 
sudace of the glass at an angle equal to or greater 
than 41 ** (the limiting angle for glass of mean 
refractive index 1-5) cannot emerge, 
and are totally reflected, thus forming 
the halo round the true image. The 
diameter of the circle of the halo is, 
for glass of a refractive index 1-5, 

3.58 times the thickness of the glass. 

The proportion of diffuse light re- 
flected at a plane surface on its 
passage from air to glass of refractive 
index 1*5 is about 9 per cent of the 
incident light. This rises to 60 per cent 
on the passage of light from glass to 
air, wluch means that the total 
a^iount'of light reflected is a consider- 
ate fraction of the incident light. 

The dimensions of the halo de- 
pend entirely on the thickness 
of the support and its refractive 
index. It is practically nogligible with thin 
fflsn as long as the image is not appreciably 
magnified. The intensity of the halo depends 
on the turbidity, the thickness, and the colour 
of the emulsion, as well as on the method of 
development. A thick or a yellow emulsion gives 
less hajo than a thin or uncoloured one. Finally, 
the halo increases in relative intensity with 
increase in tiqposuxe. 

While halos are less broad on films than on 
glass plates they form much closer to the ilia- 
minatki point of the emulsion and with a greater 
int^isity, so that they reduce to a greater degree 
the resolving power, which is not much influem^ed 
by halation in the case of jflates. 


The halo does not exhibit the geometric 
form which we have considered, except in Ihe 
very rare cases in which separate bare lights 
appear against a dark backhand, as in the 
c^ of the photography of roads in towns at 
night, where, to obtain detail, there is, perforce, 
considerable over-exposure of the light-sources. 
In the case of a highly illuminated surface 
included in the field, the sum of the individual 
halos of each point of this surface causes its 
image to overlap the images of adjoining darker 
bodies. It is in this way that the image of the 
window, in the photograph of an interior, is 
spread out and di.storted, the rectangle becoming 
curved and the image of the cross-bars dis- 
appearing more or less completely. In landscape 
photography the image of the sky shades off 
into that of the ground and of the trees or 
buildings which appear in outline against the 
sky, the slender branches of trees disappieaiing 
more or less completely. In the copying of a 
pen-and-ink drawing or letterpress, the image of 


Fig. i8.2. Mbchanibm ot Halation 

the white paper encroaches more or less on to 
the images of the lines, and can, in certain cases, 
completely obliterate the finer details. The 
mistake is sometimes made of attributing to 
h^tion (defined as above^ the effect caused by 
dirty lenses, particularly in the absence of an 
effe^ve hood, and, in the case of isolated 
luminous points, the diffraction effects due to 
the iris diaphragm ; in the latter case ^e image 
rambles a star with as many rays as the 
diaphragm has leaves (or double thu numter 
if it is odd). 

Halation seems reduced by very short develc^ 
ment, but no addition to the developer can avoid 
or eliminate halation except for sohm urnaii 
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improvements by surface-acting developers 
(§253). It is clear that a developer cannot 
behave differently towards parts of the plate 
that have received, after the light has travelled 
by different paths, equal excitations. 

Even when the halo does not show as an 
alteration of the shape of the image, it appears 
as a veil, which is in addition to the veil due to 
reflection of light in the lenses (§ 58). 

253. Prevention of Halation. Halation can be 
prevented or diminished by using an absorbing 
layer between the sensitive emulsion and the 
support (anti-halo undercoat) or on the back of 
the support (anti-halo backing). 

To be completely efficient the anti-halo layer 
sliould totally absorb all the radiations to which 
the emulsion is sensitive. Generally, particu- 
larly with films, only a portion of the active 
radiation is absorbed. The halation produced 
on panchromatic emulsions by red light is often 
more dense than that formed by blue light as 
the red light is less absorbed by the sensitive 
layer. Panchromatic emulsions being more 
generally used with a yellow filter or in artificial 
light rich in red radiation, have an anti-halo 
layer which is sometimes coloured blue or green. 
In practice an anti-halo layer should comply 
with the following conditions : (i) the colouring 
matter or pigment used must have no effect on 
the sensitive emulsion when it is in contact with 
it, (ii) it must be completely eliminated during 
the course of processing without inconveniently 
colouring the solutions used, (iii) the anti-halo 
layer should not be very thick, especially on 
films for small negatives, and (iv) it must not 
absorb during processing an appreciable quan- 
tity of water which would retard washing and 
drying. 

Some means of diminishing halation, which 
have a limited effect, consist of increasing the 
absorption of light by the sensitive layer by 
incorporating in the emulsion a yellow dye 
(which appreciably reduces its sensitivity) or by 
using a matting agent, or coating the emulsion 
very thickly. When the incident light strikes 
the surface of the emulsion layer, irradiation 
predominates in the surface and halation in the 
depths of tile emulsion layer. A developer 
wmch has surface action tends to reduce 
halation which, on the contrary, would be 
ihcieased by a more active developer which 
penetrates into the emulsion layer. 

The fust known metiiod of prevention of 
halatkm was the application to t& back of the 
glass of an absorbent layer (Marlow, iB6z), in 


optical contact with the support, having a 
refractive index at least as great as that of the 
glass (Carey-Lea, 1865 ; Cornu, 1890). 

A later method was the interposition of a 
light-absorbent coating between the emulsion 
and the support. This material may 1 ^ either 
an opaque salt or a dye. It is eliminated during 
the course of development or fixation, or by 
special treatment. A disadvantage common to 
all anti-halation substrata is the increase in the 
total thickness of the gelatine which retards 
exchanges within the gelatine in the course of 
the various treatments and washing and also 
retards drying. 

With some panchromatic films with a bluish 
or greenish anti-halation layer decolorized by 
the alkali of the developer, the use of an exces- 
sively . acid fixing bath or any subsequent 
treatment in an acid bath may cause the re- 
apearance, uniformly or in irregular patches, of 
the original colour. This may be removed again 
by an alkaline bath (5 per cent solution of sodium 
carbonate) ; the effect of an ammoniacal bath 
does not always persist after the ammonia has 
evaporated. 

In the case of plates the anti-halation coating 
is occasionally in the form of a layer intermediate 
between the glass support and the emulsion, 
for a coat on the back runs the risk of being 
scratched when the plates are placed in the 
sheaths or dark-slides. In films it is generally 
combined with the coating that most films have 
on the back, this coat being sometimes covered 
with a very thin coating of wax to facilitate 
sliding. 

For cine film, use is sometimes made of a 
support permanently tinted a grey of such 
intensity that, crossed twice under a very 
oblique incidence, it reduces halation suffici- 
ently without slowing down printing exces- 
sively, as it is then crossed once* only by the 
Ikht and that under an incidence very close to 
me Qormal. 

254. Expression of the Speed of Negative 
Mattfials. The speeds of the first gelatine- 
bromide plates were only expressed by different 
names. Unfortunately, the plates called ‘‘extra- 
rapid” in 1880 (by comparison with the/ 
collodion plates used imtil then), and which am 
now considered as slow plates, have kept their 
old name and all the superlatives have been 
used until they have lost their meaning regarding 
^eed of the photographic emulsion. 

It would appear iippossible to represent, by 
<me numbtf , the /spera of a iensitive negative 
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material, which is only described very incom- 
pletely by the characteristic curve (§203). 
especially as the speed is not, as most photo- 
graphers openly admit, the only property of a 
sensitized material, and often not its most 
important one. However, the increasing use of 
exposure meters renders it very desirable that 
some dependable indication of the speed of 
emulsions under their normal working con- 
ditions, should be given. Speed values, obtained 
by various meth(^, are usually given with 
roll-films, but unfortunately these speeds are 
more usually determined by the publicity service 
than the technical service. Thus it sometimes 
happens that films of the same speed, supplied 
at intervals from the same maker, are given 
successively increasing speeds, and it is wise not 
to place much faith in these figures. 

The optimum exposure for obtaining a nega- 
tive being based on the correct rendering of the 
shadows (Chapter XXVI), the speed should be 
determined by a conventional criterion (the 
light corresponding to a certain density, or a 
certain slope on the characteristic curve, after 
development under standard conditions) in the 
region where a density is just formed. For a 
reversal or positive emulsion the criterion should 
be chosen in the neighbourhood of the maximum 
black. 

255. Hurter and Driffekl Speeds. The first 
reasonable method for the determination of the 
speeds of plates was put forward in 1890 by 
F. Hurter and V. C. Driffield (H. and D. Method). 
The plate is exposed at i m from a lamp of one 
candle-power, with a series of nine exposure 
times from 0*156 to 40 sec, given by the rapid 
rotation of a shutter disc with suitable aper- 
tures. After development such that the gamma 
is equal to 1, the densities are measured and the 
characteristic curve drawn (§ 203). The inertia 
of the material under test is then defined by the 
point at which the exposure axis is cut by 
extending the straight line portion of the curve ; 
the speed is then obtained by dividing the num- 
ber 34, chosen arbitrarily, by the inertia 
exprra^ in metre-candle-seconds. If the candle 
is replaced by a source approximately equivalent 
to (kyi^ht (e.g. an acetylene flame or electric 
lamp, with a blue filter) the increased actinic 
value of the light can be compensated by 
repladng the number 34 by 10, the same results 
bmg then obtained for non-colour-sensitive 
anu^ons. 

At the time at which ttds method was pro- 
posed, the characteristic curves of different 


types of emulsion differed only by their dis- 
placement parallel to the exposure axis, and 
thus to measure this displacement was enough 
to define their relative speeds. The varied 
shapes of modem characteristic curves and the 
frequent use of emulsions of which the curve 
has a long region of slight curvature, on which 
most of the densities of a negative would fall, 
has removed all practical meaning from the 
H and D speed. 

256. Scheiner Speeds. In the Scheiner method 
(1894) the least exposure is determined, which, 
after development under standard conditions 
in a ferrous oxalate developer, gives a density 
which can just be distingui.shed from the fog. 
This system was a natural result of Scheiner’s 
being an astronomer, and gives the material 
a speed corresponding to its use for stellar 
photography. In order to do this, the plates 
were exposed, at i m from a lamp burning a 
standard mineral oil, behind a disc shutter 
giving 23 exposure times from 0*013 to 2*614 sec. 
After development the number of the last visible 
step was taken as the speed criterion. It is, 
approximately, ten times the logarithm of the 
reciprocal of the exposure corresponding to the 
threshold. The method outlined above, not 
being readily applicable in practice (particularly 
to colour-sensitive emulsions), each laboratory 
using the "Scheiner method" uses, in fact, a 
different variation of the original method ; the 
results obtained by different laboratories are 
thus rarely comparable. 

257. DIN Spe^. As a result of the work of 
the German Standards Association a method 
has been adopted in that country which is 
named, from the initials of the German name 
of this organization, the DIN method (Deutsche 
Industrie Nortnen), The sensitive material is 
given an exposure of 1/20 sec behind a sensito- 
metric wedge having 30 steps differing in 
density by 0*1. The wedge receives illumina- 
tion of 40 metre-candles from an incandescent 
lamp, through a blue filter giving, in the visible 
region of the spectrum, an ener^ distribution 
very close to that of average sunlight (R. Davies 
and K. S. Gibson, 1928). The development of 
the image, in metol-hydroquinone developer, is 
carried out such that the emulsion under test 
has the highest possible speed. The step is then 
found on which the density just exc^s o*z 
above fog : the speed is expressed as a fraction 
in which the denominator is zo and the numera- 
tor is then determined from this step, being ten 
times the density of the corresponc^g step on 
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the wedge. The fraction thus gives the speed on 
a logarithmic scale. 

This method provoked much criticism in the 
United States, France, and Great Britain, based 
almost solely on the abnormal development 
conditions, which are such that there is no 
definite relationship between the speed thus 
determined and the practical speed. Several 
treatments, carried out in the course of manu- 
facture for this purpose, can increase the opti- 
mum speed without increasing the practical 
speed in the same proportion. For instance, a 
method of increasing speed by immersion in 
warm mercury, described by U. Schmieschek 
(1Q40) increases the threshold speed of a slow 
film 33 times, while the practical speed is only 
increased 4 times. 

A war standard, published in 1941 by the 
British Standards Institution, adopted as a speed 
index the amount of light E giving, after devel- 
opment under standard conditions, a density of 
o-i above fog. The development conditions are 
equivalent to those normally used in the 
development of negatives. The light source is 
the same as in the German method and the 
different exposures can be made with either 
variable illumination or exposure time, the only 
condition being that the exposure giving a 
density of 0*1 above fog should be between 1/20 
and 1/40 sec, or that the density of o-i should fall 
between the densities of steps exposed for 1/20 
and 1/40 sec. The speed is then expressed as the 
whole number closest to — 10 log E. 

258. Practical Speeds. It can be seen that 
adequate correlation, let alone equivalence, 
cannot be expected between results obtained by 
methods which measure different characteristics 
of the emulsion, rather than the practical speed. 

An essentially practical method in use, 
mainly in the United States, is the Weston 
speed. It is defined as 4 times the reciprocal of 
the exposure required to give a density numeri- 
cally equal to the gamma obtained in 
development. This meriiod is said to have 
receiv^ thorough practical tests, and speed 
figures are published by the makers of the 
Weston meter on the basis of regular practical 
tests on all materials on the market. Before 
the introduction of the ASA system described 
below, the Weston system was regarded as the 
most reliable. 

A method due to L. A< Jones (1959) allows the 
practical speed to be determine. The method 
has been established after a great deal of 
preliminary work during which the same sub* 


ject, illuminated by constant conditions, has 
been photographed many times with exposures 
suitably graded such that some negatives were 
under-exposed and others over-exposed. From 
each negative best possible prints were made 
on different grades of paper. These prints were 
then examined by a very large number of 
observers, and from their assessments it was 



Fig. 18.3. Minimum Useful Gradient 
Method of Speed Estimation 
(L. A. Jones.) 

possible to determine, for each of the subjects, 
the least exposure which could give a print of 
excellent quality. 

This having been done, it was then necessary to 
establish a sensitometric method, which would 
be easily applicable to testing in a control 
laboratory,, and which would give results in 
agreement with the statistical method outlined 
above. This method, used in practice now for 
several years by an American manufacturer of 
photographic materials, is as follows. The 
characteristic curve of the material is drawn for 
conditions corresponding to normal exposure 
and development (Fig. 18.3). Two points A and 
B, separated by a distance of 1*5 log units on the 
exposure axis (ratio of extreme brightnesses of 
32 ': i), are moved about so as to fiqd a position 
such that the slope of the tangent AT at the 
poHit A should be equal to 0*3 times the slope 
of jth^line AB, The speed is expressed as the 
reciprocal of the exposure (in metre-candle- 
seconds) received at A. 

Separate verifications have established ri^e 
excellent agreement between the numerical 
values thus obtained and the practical speed of 
sensitive materials used under their normal 
conditions. 

These experiments have shown, incidentally, 
that excellent photographs can be obtrined by 
taking negatives in which all the densities are 
siriiated in the region of riie characteristic curve 



176 


PHOTOGRAPHY: THEORY AND PRACTICE 


normally designated as under-exposure, and 
even at points where the slope is as low as 0*05. 
Details of tone completely invisible on the nega- 
tive appear on the print, due to the use of a very 
contrasty paper. 

This method has been adopted by the 
American Standards Association (1943) and 
more recently (1947) by the British Standards 
Institution. Calling E the exposure correspond- 
ing to the point A , the " ASA " speed is expressed 
by I/£, being preceded by a zero and rounded off 
to the nearest value of the geometric progression 
having the cube root of two as its common ratio 
(i.e. 0800, 0640, 0500, t)400, 0320 . . .). For 
use with the tables or caicidators of exposure 
meters, a speed index known as the American 
Speed Number'* is used, being 1/4 of the ASA 
speed, and not preceded by a zero. For example, 
the ASA speed of 0200 corresponds to a speed 
index of 50. 

The British Standards Institution in 1947 in- 
troduced a speed-rating system which is similar 
at all speeds to that recommended by the 
ASA, and an emulsion which has a rating of 
ASA 100 will also have a rating of B.S.I. 100. 
In addition to the above-mentioned s5rstems 
which are called arithmetical, since a doubling 
of the index indicates a doubling of the speed, 
both the B.S.I. and ASA ratings can be given 
in logarithmic units. 28° log is equivalent to 
50 arith, and an increase of 3° indicates a 
doubling of speed. The arithmetical system 
seems to be favoured in America, the logarithmic 
system in Great Britain. 

2^. Properties of Negative Emulsion Layers. 
Besides the speed, which has already been stated 
as being only one of the essential properties of a 
plate or film, the photographer, in 1^ choice of 
material, has al^ to take account of the 
following considerations. 

For idiotographing coloured objects the 
property of hnt importance is obviously a wide 
range of colour sensitivity so that the factots 
of the colour filters used are not too high. For 
photography in artificial light exposures can 
often be shorter on panchrai^tic e m ukrif m than 
on orthochromatic which is faster to daylight. 

When the negatives are to be greatly enlarged- 
rile graininess becomes of importance, and 
altlKwh it is possible to Use a veiy fast coarse- 
mined emukion and a greatly shortened 
devekipm^t time, the efiective spei^ is reduced 
id a inoriem of its nonnal value. It is better to 
a slower fine-gim emulsion, devdopiitg it 
ssmtially and using its full speed. 


As large an exposure range as possible is an 
essential property for photography of very 
contrasty subjects (i.e. subjects having a large 
brightness range). This probity is also valuable 
to the beginner in photography, and even for 
the experienced photographer called upon to 
work under conditions very different from those 
under which he normally works. For example, 
if the material allows an exj^ure range in 
which the ratio of extreme illuminations is 2,400, 
there is a large exposure tolerance for a subject 
in which the brightness range is 30, the ratio 
of the extreme exposure times which would give 
negatives inside the scale of the ex{mure range 
being 2,400/30 = 80, which makes it almost an 
impossibility to obtain a useless negative. 

For reproducing documents or objects which 
have a very small brightness range, the maxi- 
mum contrast (yaa) of the emulsion is an 
essential property, and it is an advantage if 
development is continued as long as possible, 
without the appearance of general fog, to obtain 
this maximum contrast. Good keeping properties 
of a sensitized material, without loss of speed or 
app>earance of general fog. is an indispensable 
quality, particularly for plates or films which 
are only used occasionally. Perfect latent-image 
stability is necessary whenever considerable 
time is to elapse before development. 

The emulsion should be sufficiently hardened 
to avoid excessive swelling during processing, 
very swollen gelatine being extremely delicate 
and liable to cause several troubles (str4>ping, 
reticulation, etc.). This property is particularly 
important at high temperatures, and some 
m^ers therefore supply special materials for 
tropical use. It is advanta^us that the emul- 
sion should not continue to harden after the 
material has been supplied to the user whidi 
would necessitate the use of longer and lopger 
development times. 

Lastly, it is an advantage, in all emulrions 
other than those intended for copying documents 
composed only of black and white, that the 
variation in gamma with development should 
be slow in the region of the optimum value, 
thus reducing the effects of error m development 
lime or devdoper temperature. 

If some of the makers of sensitized materials 
were to publish reasonably complete data, in 
the form of graphs or taldes of numerical values 
of the majority of the above characteristics 
(average values, of course, and not values 
detersnined for one particular batch of emuiakm), 
it would then be^me necessary for siu^ a 



PLATES, FILMS, NEGATIVE PAPERS, AND SPEED RATINGS 177 


policy to become general. Such data are only 
of interest, however, when the characteristics 
described are reasonably constant from one 
batch to another. 

260. The Different Types of Negative Materials. 
As an example of the complex structure of some 
modem sensitized materijils, it is interesting to 
note that one negative film for cinematography, 
of German make, is made up of an anti-static 



backing, the support, a blue-grey anti-halo 
undercoat (which is not bleached in processing), 
the "subbing" coat, two layers of emulsion,' and 
lastly an anti-abrasion coating of clear gelatine. 

In Fig. 18.4 are shown the characteristic curves 
of some emulsions of the same make (all drawn 
for y = 0*8 unless otherwise stated). The 
following table gives the corresponding 
information. 



Jonei Speed 

Maximum Reading 

A . Poiitlve CinenMtOgrapli 

Daylight 
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3 
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80 
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40 
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80 

8 

53 

£• Ra^ ortto portrait 
0 . Ultra*nq)ld pancbit)-' 


- 

0^ 


matlo fifaa 
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If 
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It will be aeen that for the old-type emulsion 
(F) the stt«ight-lme portion of the characteristic 
curve is vety king, tW it is noticeably shorter 
for the modem negative emulsions and is 
reduced to a Vety length for the fine-grain 
emulsion (E). 

Although it Is impossiMe ^o obtain directly 
a high value of gamma on a rapid emulsion, it is 
po8sdde,oii ^ emtdsloQs espe^y preps^ 
high contrast (A to bbtain kiw^oontiast 


negatives by reducing the development time or 
diluting the developer. A satisfactory negative 
of a subject covering a wide brightness range 
cannot be obtained on such a material, however, 
as a high contrast emulsion will only cover a 
narrow exposure range. 

Assuming the general use of exposure meters 
which allow the use of emulsions with a small 
exposure tolerance, several makers of roll-films 
(especially in Germany), considered about 1938, 
that the thickness of the layer of emulsion 
(normally lo/i for single-coated films and 12 to 
15// for double-coated films) could be reduced to 
about 8/1, and the weight of silver bromide 
(usually 13 to 18 g/m*) to about 4 g/m*. The 
characteristic curve of such film has no straight- 
line part, and the exposure range is very small. 

To' extmd the^xposure range, and thus the 
exposure ' tolerance to the maximum, it has 
already been stated that a rapid emulsion can 
be coated on top of a slow one. The rapid 
emulsion should be completely exposed by an 
exposure only slightly greater than that corres- 
ponding to the threshold of the lower emulsion 
in order to avoid excessive densities. The 
diagram (Fig. 18.5) shows, in the case of two 
perfectly balanced emulsions, the rdle of the slow 



emulsion A which gives, in place of ^e curve B 
of the rapid emulsion, the curve C, which is such 
that the ordinate C is, at every point, equal to 
the suift of the ordinates a and b of the subsidiary 
curves. 

261. Agdng PirppertieB of Sensitive M ate ri als. 
The speed and ma^dmum conti^ (A a sensitive 
mate^ change as it ages, at ^t very rapidly 
and then more and more dowfy, if the material 
is kept at constant temperattoe and humidity. 
For example, on a ne^tive kept at 21% 
in an atmo^m of ^ cent r^txva 
humidity, the following obsei^tions were mada 
(M. £. Russ^ and L. A. 1937). Alter 20 
wedes the propefto had becxfte staMl^^ 



178 


PHOTOGRAPHY: THEORY AND PRACTICE 


After periods considerably longer than those 
consider^ here, a general fog appears, giving 
a density which increases with the age of the 
material and with humidity. On plates severe 
fog may form along the edges which limited 
the coating of the emulsion, but not along edges 
cut after drying. This appears to be due to 
migration during drying, from the edge towards 
the centre, of the potassium bromide added to 
improve keeping (B. Homolka, 1905) , it is not 
apps^ent on roll-films, in which the edges of 
coating are always removed before slitting. 

In a very dry space (cathode-ray oscilloscopes, 
electron microscopes, etc.) the gelatine tends to 
lose moisture, and the resultant contraction of a 
relatively thin layer of emulsion sometimes 
causes fog by a process comparable to that of 
abrasion (see also § 200). 

Age of film 

Q 10 6 20 

days weeks weeks 

Relative speed 24 22 20 19 

Maximum gamma . 2-20 — 2 04 2*02 

262. Increase of Sp^ of Negative Sensitive 
Bl atftrial s, Many conditions tending to produce 
a general fog give, before the actual appearance 
of fog, or before it has acquired any considerable 
density, ,an increase in the threshold speed or 
reinforcement of a latent image already present. 
The increase of the practical speed is considerably 
less, so that procedures for further sensitization 
are^only of interest when the important details 
are to be recorded by exposures close to those 
which would give a density only slightly above 
that of the fog. 

Increase in speed by a uniform extra exposure 
(the easiest to regulate) has been studied 
ssvcral times, with results often contradictory 
and n^essitating the use of prime operating 
conditions. The experiments of C. E. Weinland 
(1928), J. H. Webb and C. H. Evans (1938), and 
P. C. Burton and W. F. Berg (1943) have given 
toe following facts. If an under-exposed image 
is recorded in intense light, the latent image 
specks are too small to respond to development ; 
a uniform exposure to very weak light can 
increase their size to the critical value for 
d€vd(mment without producing new specks, 
and thus without increasing the fog. This 
|xrocess is now commonly desmbed as ''latent- 
image intensification" or "Intensification." Chi 


the other hand, on many emulsions, a very small 
uniform exposure made to high intensity allows 
an under-exposed image produced by light of low 
intensity to be recorded successfully. Here the 
first exposure "hypersensitizes" the material 
towards the second; the preliminary uniform 
exposure gives latent image specks too small for 
development, but, by further exposure, these in- 
crease in size to that necessary for development. 

The experiments of G. S. Moore (1941), 
undertaken under V. B. Sease, have shown tliat 
a latent image formed in 1/30 sec on a fast 
emulsion, panchromatic or otherwise, is rein- 
forced in a very noticeable manner by a uniform 
exposure of long duration at a very low intensity, 
controlled so tliat the fog produced does not 
exceed 0*2 after 30 to 60 min. The effect is equi- 
valent to a speed increase of 2 to 4 times depend- 
ing on the emulsion and development. It is 
independent of the colour of light used for the 
extra exposure, and is a maximum for auxiliary 
exposure times of the order of 30 min. The con- 
trast of the image is always lowered, but to a 
lesser degree as the auxiliary exposure time is 
increased almost regaining its initial value after 
2 hours. A similar extra exposure given before the 
main exposure to a high intensity has little useful 
effect and may even lower the speed slightly 
without reducing the contrast. The reinforce- 
ment of the latent image is practically the same 
whether the extra exposure is given from the 
back or front of the emulsion (even in the case 
of double-coated films), but the loss of contrast 
is less when it is given from the back. 

Similar effects have been obtained by immer- 
sion of materials in very dilute solutions of hydro- 
gen peroxide, or of various other fogging agents. 

On certain emulsions the practical speed can 
be increased by exposing the plates or films for 
about 36 hours in an atmosphere saturated with 
mercury vapour at the ambient temperature 
(H. Baukloh, 1928; Dersch and Duerr, 1937). 
The effectiveness of the treatment depends 
essentially on the relative humidity, and is a 
maximum in an atmosphere of 50 per cent 
relative humidity. In a very moist atmosphere 
the sensitivity is lowered and the fog increased. 
The useful effect is greatest when the treatment 
is carried out after exposure, and lasts about 
15 days (A. Rondia and E. Vassey, 1943). Speed 
increase has also been observed after immersion 
for a few seconds in mercury at about ioo°C 
(U. Schmieschele, 1940). It should be noted that 
the vapour given off freely by warm mercury is 
extremely poisonous. 



CHAPTER XIX 
DARKROOM ILLUMINATION 


263, General Principles. The choice of illumina- 
tion to be used when handling sensitive material, 
either during manufacture or during the various 
operations prior to and including fixation, 
depends on two factors, firstly on the distribu- 
tion of the spectral sensitivity of the emulsion 
under consideration, and secondly on the colour 
sensitivity of the eye. 

It may be laid down that there is no really 
non-actinic illumination in the true sense of the 
word ; that is to say, that there is no light, 
whatever may be its spectral distribution and 
however weak in intensity it may be, which will 
not fog a photographic emulsion if allowed to 
act for long enough. 

It is seen that in choosing suitable illumina- 
tion for a darkroom a compromise has to be 
made between somewhat incompatible condi- 
tions. Sufficient light must be available, when 
needed, for the effective control of operations 
being carried out, but this must not appreciably 
fog the sensitive material during the normal 
time required for the necessary manipulations. 

In order to make the practical application of 
these ideas clear, the optimum conditions for 
handling a panchromatic emulsion equally 
sensitive to all the colours of the spectrum 
will be considered. Three filters, coloured 
respectively blue- violet, green, and red, each 
transmitting a third of the range of the visible 
spectrum and in the same proportions, could be 
used indifferently as filters for the darkroom 
lamp if only the actinic values of the light thus 
transmitted were being considered. An emul- 
sion, given the same exposure time, would give 
the same fog-density to each of the three 
illuminants. But, if the physiological response 
to the three illuminations is considered, the 
blue-violet becomes a poor illuminator, the red 
little better, while the best visibility is obtained 
by the use of the green. This is in agreement 
with what has already been stated with regard to 
the spectral sensitivity of the human eye 
(§ 1-2). If, by suitable regulation of their 

respective intensities, two filters, coloured red 
and green, were prepiired to have the same 
visual intensity, it will be found that if the 
source of light common to both be reduced 
in intensity, the red will appear less intensdy 


illuminated than the green (Purkinje pheno- 
menon). 

By means of the aperture of the iris and the 
sensitivity of the retina, the eye adapts itself 
automatically to low levels of illumination 
after a period of time. While the opening 
and shutting of the iris is very rapid, the adjust- 
ment of the retina is slow. From bright sunlight 
to darkness about half an hour is required for 
adaptation while approximately ten minutes is 
necessary when passing from normal illumina- 
tion to . that of the photographic darkroom. 
The rate of adaptation from light to dark is very 
much slower than the reverse action. When 
coming into the light for a short time, after 
dark adaptation, in order to avoid the loss of 
time of a fresh adaptation, black spectacles 
(density 2, approximately) with a fitting 
excluding all light except that passing the 
glasses may be worn. The presence in the field 
of view of a spot more strongly illuminated than 
the objects that are being looked at reduces the 
sensitivity of the eye and is a cause of fatigue. 
This is found in its worst form if the lamp, or 
its reflection from some bright object, is in the. 
field of view when the illumination in the dark- 
room is extremely low (P. G. Nutting, 1916). 

The same physiological considerations still 
apply even when the emulsion under considera- 
tion is not equally sensitive to the whole of the 
spectrum. For example, an emulsion sensitized 
with pinachrome may be regarded as insensitive 
to the extreme red (beyond 680 m/i) but a 
coloured filter transmitting only these radiations 
would appear so feebly luminous that a green 
filter, transmitting much less luminous energy 
bdt gjving the same visibility, would give, as 
a rule, an equal degree of safety. For the same 
reason, although an orange filter usually trans- 
mits all the r^, there is often less risk of fog 
with an orange light than with a red one, since, 
for the same visibility, less total luminous energy 
is necessary. The advantage of an ora^e light 
is particularly noticeable when working with 
very rapid emulsions which, as we have seen, 
are often slightly sensitive to the extreme red 
(S 223). as the proportion of these feebly active 
radiations is much less than it would be in the 
case of a red light. 
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The source of light and filter combined must 
not transmit ultra-violet which is very active 
on all sensitive emulsions. (This conation is 
satisfied when the usual arl^cial illuminants 
are used, but it must be borne in mind if day- 
light is employed or electric lamps with metallic 
gases or vapours of neon, mercury, sodium, 
thallium, etc.). 

264. Choice of Darkroom Ilhunination. In 
practice, the following lighting is used for 
various t3rpes of sensitive material — 

Slow positive silver chloride emulsions 

(for development) . Yellow 

Rapid positive silver bromide emul- 
sions Yellow or 

Orange 

Rapid negative emulsions, (blue sensi- 
tive) ...... Orange-red or 

yellow-green 

Orthochromatic emulsions, (green 

sensitive) Ruby-red 

Panchromatic emulsions . Bluish-green of 

low inten- 
sity 

Emulsions sensitive to infra-red, but 
not to green .... Pure green 

It should be remembered that red light 
increases the apparent contrast of images and 
induces one to curtail the development ; where 
there is a choice of illumination, orange or green 
should be chosen. 

From tlie fact that a certain red and a certain 
green are complementary, inventors have at- 
tempted to get a colourless non-actinic light for 
ordinary plates by blending red and green 
lights, which separately are non-actinic. As it 
is possible to produce only a yellow in this 
maimer, it is much simpler to use a plain 
ydlow Mter in all cases where the sensitivity of 
the emulsion permits. 

Special filters for the illumination of photo- 
graphic 4arkrooms are usually descril^ as 
sal^ht screens. The safelight screen is 
genemlly made by coating a gelatine layer, 
containing suitable dyes, on glass. One or more 
of these elements (together with some form of 
diffuser) may be combined to make the safe- 
light. When photographic emulsions had only 
a low and restrict sensitivity to intensity 
and colour of light, commercial coloured glass 
{manufactured for signals, etc.) was used for 
safest filters or screens. With the improved 
sensttivity of emulsions this type of glass is 
useless as, although it may have predominantly 
the reqiu:^ colour to the eye, it probably also 
txansnuts in other parts of the spectrum. 


Safelights applicable to each case are worked 
out by taking into consideration the colour 
sensitivity of the eye and the particular photo- 
graphic material, and then suitable tests are 
made to determine the density required for the 
filter. This may be determined by the time taken 
to' give a certain fog density on the material, 
the intensity of the light source and distance 
of safelight from the photographic material 
being fixed. The minimum safety time is 
chosen and the density of the safelight screen 
adjusted to give this safety factor. A dark- 
room may be well illuminated in its entirety 
by use of suitable direct and indirect safelights, 
without the sensitive material being too strongly 
illuminated. Whereas in earlier times when 
the traditional deep-red glass safelights were 
used, only a small area immediately next to 
the safelight was illuminated and the rest of the 
room was completely dark. 

Although badly illuminated darkrooms hinder 
work, it is interesting to note that, as a result of 
many clinical observations on workers in photo- 
graphic plate and film factories who have 
worked for many years in darkness or in feebly 
actinic light, Drs. F. Heim and E. Aglasse- 
Lafont (1912) have concluded that occupaHonal 
anaemia, caused by working in darkness, does 
not exist. 

To ensure good general illumination of the 
darkroom, the walls and ceiling should be light 
in colour; the diffused light from the walls 
cannot be more dangerous than the light which 
issues directly from the darkroom lamp. Since 
red light is so frequently used, red ink and pencils 
which give marks totally illegible in red and 
faintly le^ble in yellow light, should not be 
used for Ubels, notes, or for any memoranda 
used in darkrooms. 

The use of a desensitizer, either as a prelim- 
inary bath or in the developer itself, aUows a 
very bright light to be used from the moment 
the emulsion has been effectively desensitized, 
so that the remaining operations may be car- 
ried out in a yelbw or white light without 
the slightest risk of fog whatever the original 
sensitivity of the materials in use. 

265. L^t Sources. Safelight screens sup- 
plied by a reliable photographic manufacturer 
are recommended for use with a particular 
wattle lamp, usually a 15- or 25-watt lamp, and 
provided the lamp is run at the correct voltage, 
it should be possible to obtain the xnaxiinuin 
illumination permissible with any particular 
emulsion. 
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Failure in the domestic electricity supply 
may be guarded against by having an emergency 
lighting outfit, thus avoiding being interrupted 
in the course of work. Also an electric pocket 
lamp may be converted into a darkroom lamp 
by fixing a safelight in front of the lens, which 
acts as a condenser for the light. 

Particular care should be taken in a dark- 
room to ensure that aU electrical fittings are 
sufficiently insulated and guarded. Fatal acci- 
dents have happened following contact of 
wet fingers with poorly insulated connexions and 
earthed fittings, especiaUy when the floor is 
damp or the other hand is dipped in a liquid 
connected to earth. 

Despite the considerable progress which has 
been made in electric lighting, most of the energy 
consumed is converted into heat, and so the 
ventilation of electric lamps is just as necessary 
as it is for other types of lamp. The life of an 
electric lamp is always shortened if the lamp is 
used at a higher temperature than would be 
attained if it were not enclosed. 

Neon pilot lamps which emit a very feeble 
orange glow (about i candle-power) may be used 
with advantage where only a very faint light 
is required (e.g. for reading a darkroom watch 
or clock placed on the work bench, or for illumin- 
ating passages between several darkrooms). 
Whenever these lamps are used on the work 
bench a yellow safelight should be employed to 
cut off the small proportion of violet rays 
emitted. 

The reader should be cautioned against the 
use of lamps with red bulbs (red glass or glass 
covered with red varnish), which are more useful 
for decorative lighting at fetes than for photo- 
graphic purposes. The few lamps specially 
manufactured to transmit the correct part of 
the spectrum are very much higher priced than 
ordinary .lamps, and the difference in price, 
after several replacements, amounts to more 
than the cost of a good darkroom safelight 
fitting. 

266. Safelight Fittings. The chief quality 
demanded of a safelight is that it shall stop all 
light other than that which passes through the 
safelight screen or filter. It must-be sufficiently 
well ventilated not to cause damage through 
over-heating of the filters of paper or gelatine 
(chairing, meftix^, etc.), which are obviously 
more susceptible to inj/ury pf this kind than the 
coloured gkss which, at one time, was the only 
material used. In some saielights the screens are 
separated fnnn the lamp itself by a sheet of 
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glass, and the two compartments thus formed 
are separately ventilated. 

From every point of view work is considerably 
facilitated if the lamp gives only a diffused light. 
This may be achieved either by the safelight 
screen itself being a diffuser, or by arranging the 
source of light so that the light which falls on 
the screen comes from the mat-white surface of 
the interior of the safelight box which can be 
regarded as a source of diffu.sed light. In addition 
to the safelight which illuminates the work 
bench, it is useful to have one illuminating the 
ceiling. This gives a general indirect illumina- 
tion, the value of which has already been empha- 
sized for other purposes. The screens for this 
safelight may pass more light than those for 
bench use. This method of illumination is 
the'only one used in the emulsion-coating rooms 
of some factories. 

It is preferable that the luminous surface of 
the safelight should not be visible to the operator 
in his normal working position. This may be 
achieved by careful positioning of the safelights 
or by using a hinged shutter or opaque screen to 
eliminate illumination falling directly into the 
operator's eyes but which can be removed when 
required to allow a negative to be examined by 
transmitted light in the course of its development. 

Mention may be made for the sake of refer- 
ence of an arrangement which has often been 
commended, namely a plate of glass, illuminated 
from beneath, on which a glass developing 
dish is placed. The negative can then be ex^- 
ined by transmitted light when necessary, with- 
out it ^ing necessary to remove it from the dish. 

It is not necessary to describe the innumer- 
able t5q)es of safelight, more or less satisfactory 
in design and construction, which have been 
manufactured; description of those at present 
available will be found in the dealers’ catalogues. 

267. Testing of Saf^hts. Die spectroscopic 
examination of safelights, which is sometimes 
recommended and possibly used as a guaran- 
tee ^ these goods, is entirely illusory. The 
harmful rays, for example the violet rays 
transmitted by many red glasses, when dispen^ 
by the spectroscope, afiect our eyes so little 
that they are often unnoticed even when the 
source of light is the sun or a strong electric arc. 
A spectrographic examination can only be (d 
use when the eye is replaced by a photopaphic 
plate of the same kind as that for which the 
safelight is intended, it has been suggested 
(H. Arens and J. Eggert, 1929) that the spectrch 
graph ^ould he i^undnatra throu^ a filter to 
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give an equal visual intensity throughout the 
spectrum obtained. A spectrogram on the 
emulsion to be used indicates by its least dense 
areas at what wavelengths the safelight may be 
designed to give the maximum transmission. 
A second test with the safelight under test 
interposed indicates whether the active spectral 
areas have been absorbed. The only visual exam- 
ination capable of giving any safe indication as to 
the quality of a safelight is that in which various 
filters transmitting only one portion of the spec- 
trum (monochromatic filters) are superposed 
on to the safelight to be examined; in these 
circumstances the combination should in no case 
appear to transmit rays which should be absorbed 
by the safelight. 

The best, and, incidentally, the simplest, 
method of testing a safelight is to msike a 
practical test under reasonable conditions. 
Taking into consideration a number of factors, 
such as the time normally required for loading 
the photographic material into a dark-slide, 
length of time for development and whether 
the plate or film will be covered or exposed to 
the safelight during the development, a period 
of time is chosen to be the maximum that the 
material will be exposed to the safelight. During 
this time it should not receive an exposure 
sufficient to give any sign of fog on development. 
Supposing 4 minutes is decided to be the required 
safety time. Then, to make the test, a plate 
(or film) is f^ced in a printing frame, and 
about a third of it is covered with black paper. 
A piece of cardboard, which at the start covers 
the whole of the sensitive surface, is moved 
back after fixed periods of time, so that succes- 
sive-strips of the material are exposed to the 
light; for example these strips may receive 


exposures of i, 2, 4, 8, etc. minutes respectively. 
After development, the plate is e.xamined, and 
if the 4-minute strip and the portion which has 
not been exposed at all do not appear to differ 
in density, then the safelight may be regarded 
as suitable for the material in question. If 
on the other hand, fog appears on the i- or 2-min- 
ute strip, it is necessary either to use a lamp 
of lower intensity or to decrease the transmis- 
sion of the safelight : this might be done by 
adding one or more sheets of paper, or some 
similar diffusing material. If, however, the 
first appearance of fog on the test strips indicates 
that a much longer exposure than 4 minutes is 
safe, then it is possible to increase the intensity 
of the lamp. In either case a test should bie 
made after the alteration considered to be 
necessary has been carried out. 

Recent work (§ 262) has shown that an ex- 
posed piece of photographic material is much 
more sensitive to the light from darkroom 
lamps than unexposed material. The reason 
is the existence of a non-developable kind of 
latent image (the sub-image), which is strongly 
intensified by the weak light emitted from a 
darkroom lamp. This has the effect of raising 
preferentially the low densities in the negative, 
i.e. of lowering the contrast. In the case of 
negatives for &rect inspection, such as radio- 
graphs, or in prints, this effect may lead to 
a considerable deterioration in quality. Thus 
it is often important to test a safelight 
with an exposed piece of photographic material ; 
the best method is to print on the material a step 
wedge or perhaps an ordinary picture, and to 
expose one-half of it to the safelight. The two 
halves are then processed together and a com- 
parison will reveal the effect of the safelight. 
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268. The Amateur^s Darkroom. A specially 
equipped darkroom is not essential for the 
production of good photographs. Any room 
(preferably kitchen or bathroom containing a 
sink and running water) may be used after 
dark as a photographic “darkroom" without 
alteration. Care must, of course, be taken to 
avoid staining the floor, furniture, and wall 
hanpngs. They may be protected by linoleum, 
oil cloth, or American cloth. Work may also be 
done in a large dish, fitted to serve the purpose 
of a sink. If the room faces a lighted window 
or if there is a light outside (e.g. a street lamp), 
some dark fabric must be hung so that it fits 
tightly over the window ; any light that filters 
through the cracks will not matter as long as 
the sensitive films are not exposed directly to it. 

The amateur who has sufficient leisure and 
opportunity to work during the daytime requires 
li safelight and can fit up, according to his 
resources, a darkroom similar to that of 
a professional photographer. Directions are 
f^iven for this in §§ 269-275. 

269. Construction of the Ideal Professional 
Dtfkroom. The first consideration is the health 
and safety of the worker. Do not let the dark- 
room be so large as to lead to its subsequent 
conversion into a lumber-room. On the other 
hand, no room should be smaller than about 
6 feet square, with adequate height ; 400 cubic 
feet is usually the minimum space allowed for 
each worker in a darkroom. In France, an 
order published in the Journal Officid of 12th 
July, 1913, to which there have been other 
references, prescribes : The volume of air shall 
pe at least 10 cubic metres per person employed 
in a darkroom. The closed rooms used for 
work are to well ventilated and comfortably 
heated in winter. During intervals of work 
aj in the rooms is to be completely renewed. 

I he floor is to be cleaned at least once a day 
either before or after work by washing with a 
damp cloth. The walls and ceiling are to be 
frequently cleaned. 

Most solutions of salts, particularly the con- 
centrated solutions of hypo used for fixing, 
cau» disintegration of cement. The floor of the 
darkroom, at least in the working space, should 
preferably be paved (earthenware tiles, not 


cement, jointed with bitumen), asphalted, or 
some impermeable composition. 
When asphalt and some composition floorings 
are used, heavy objects resting on the material 
indent it. Benches and supports for sinks, etc., 
should therefore be bedded on the floor below! 
If the floor is of wood, it should be entirely 
“vered with rubber sheeting, rubber tiles 
bedded in mastic, or linoleum cemented down, 
or, at least, rendered impermeable by pouring 
hot paraffin wax over it, the excess of wax 
being Scraped off before cooling (the coat of 
paraffin wax should be renewed from time to 
time). Waxing tends to make the floor very 
slippery when wet, however, and should be 
avoided if possible. 

At the bottom of each wall, the waterproofing 
on the floor can usefully be swept up the comer 
to a height of 8 in. or more, thus preventing 
moisture seeping down the wall. It is particularly 
desirable to waterproof the floor thoroughly if 
there are other rooms below. 

It is convenient to provide a drain in the 
floor to enable it to be thoroughly washed. 

The interior walls, and, if possible, the ceiling, 
should be covered with a washable paint, prefer- 
ably mat (many water paints withstand water 
after complete drying) of a light colour— but 
not white, as it gets dirty so easily, and occasions 
reflections, which may cause trouble when the 
darkroom is used for enlarging. Yellow and 
cream are the most suitable. They remain 
light whatever illuminant is used (red or green). 
It is well to cover the wall at the back of the 
sink with earthenware tiles or thin sheet lead 
to protect the wall from splashes. Ceilings 
should preferably be between 9 ft and ii ft in 
height and should never be whitened with 
ordinary distemper as this powders and is a 
common cause of “pinholes" in negatives. 
Enamel or oil-bound distemper is satisfactory. 
Ducts and conduits should be kept away from 
the ceiling when possible. 

If possible, the darkroom should have a 
window for ventilation when the room is not, in 
use. The easiest way of excluding light is to 
replace the panes of glass by tin plate or jdy- 
wood or to paste bla& paper over them ; or a 
blind may be fitted between two frames, forming 
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a trap for the light ; or a detachable shutter may 
be constructed of plywood or by gluing opaque 
paper on doth stretched on a framework, which, 
in turn, may be wedged in the window frame 
or secured by screws and bushes. 

270. Passages. Where there is ample room, it 
is a great convenience to provide means for 
entering and leaving the darkroom without 
admitting light. One method is the revolving 
door, as sho^^^l in Fig. 20.1, the vanes closing on 


without admission of extraneous light to the 
darkroom, it is convenient to be able to pass 
slides containing exposed plates from the studio 
to the darkroom, or re-loaded slides from the 
darkroom to the studio, without having to 
admit white light to the darkroom. An arrange- 
ment as shown in Fig. 20.4 can be built in 
the partition for this purpose. It condsts 
of a wooden box with a false bottom and 
two openings opposite each other; a flexible 




Fig. 20.4, Box for Light-tight Delivery to a Darkroom 


one another for ventilation when the darkroom 
is not in use. Revolving doors are not advisable 
unless the darkroom has an emergency exit 
freely accessible for use in case of danger. 
Another plan is a series of partitions represented 
in Fig. 20.2, the centre partition, at least, 
beingfpreferably movable to admit large objects. 
If neither of these means are possible, one must 
be contf^ht with an ordinary door (Fig. 20.3) 
opening into an enclosure, covered with a large 
opaque black cloth, hanging in folds and arranged 
if possible ag^st a frame which forms a species 
of rebate. Room can be saved by the use of 
two sets of such curtains, cm in place of the 
door. Curtains should be hung well above the 
level of the top of the entrance, to ensure 
easy entry, and should be made of thick, limp, 
opaque material, preferably weighted at the 
bottom. Whatever the means adopted, the 
walls of the passage " must be painted mat 
black to absorb as completely as possible any 
lig^t that may reach them. 

If entrances and exits cannot be made 


curtain of strips of wood mounted on cloth is 
arranged so that one opening cannot be un- 
covered until the other has been completely 
closed. 

Another device for the same purpose is shown 
in Fig. 20.5. Within the thickness of a partition 
wall a kind of cupboard is arranged, closed on 
each side by a guillotine or sliding door.. A 
cylindrical iron r^, sliding in grooves, forms a 
common bolt between the two doors, one of the 
latter being able to slide only after a peg in the 
bolt has been fitted into a hollow in the other 
door, which is thus locked. When one door is 
open the bolt cannot be disengaged from the 
other, since it is flush with the inside wall of the 
open door. 

Use has been made for the same purpose of a 
drawer opening from either side of the partition, 
and sliding in a sheath long enough to cover it 
entirely. 

271. Ventilation. Except in the case of dark- 
rooms having permanent entrances by pas- 
the exclusion of li^t <fl)viouidy 
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necessitates the closing of all the means of venti- 
lation usually found in a room. It is therefore 
necessary to arraiige a system of ventilation 
which does not allow the passage of light, by 
air-ways to another room, or preferably to the 
open air. 

In the more elaborate premises proper air- 
conditioning may be installed and this is ideal 



Fic 20.5. Bolt for Self-locking Darkroom 
Door 

provided the plant is of sufficient size and 
properly fitted. In other cases, two systems 
are required, one for the entrance of fresh air, 
and the other for the removal of the contaminated 
air, the former near the floor of the darkroom 
and the latter near the ceiling. 

When the ventilation is taken from a corridor 
or from another room, the partition is provided 
with a wooden frame similar to that shown in 
section in Fig. 20,6. The passages are formed by 
thin sheets of wood or metal mounted in the 
frame. When the ventilation is taken from the 
open, the wall is fitted with hollow bricks (Fig. 
20.7), the passage being made on the outside by 
a zinc baffle plate, and, on the inside, by a 
wooden frame with a wood or iron panel. In 
both cases all inside walls of the passages are 
painted mat black to avoid successive reflections 
of light. 

Ventilation to the open may also be made by 
shafts or wide tubes of wood or sheet iron 
with bends, so as to exclude the light. 

Apart from providing entry and egress for 
air, it is desirable to ensure that a constant 
flow through the room is maintained. Suitably 
designed ventilators will do this to some 
extent but file use of an dtectric exhaust fan 
in a ventilator in or near the ceiling is more 
efficient A six-inch fan is sufficient for small 
rooms but a nine-inch or larger fan should be 
used for bmer rooms. £aw fan should be 
li^ht-trappen by baffles similar to those in 
Fig. 20.7. 

aTa. Heating. The temperature of the baths 
used in j^otpgraphy considerably afrits the 
speed of the reacticms and the quality of the 


images. The use of time methods of working 
requires the temperature of the developer to 
remain practically constant from one operation 
to another, or at least during a single operation. 
It is useless to try to use a warm developer in a 
cold darkroom, or vice versa, except by em- 
ploying a water-bath of large capacity. 

The best way is to keep the temperature of 
the darkroom constant within narrow limits 
(about fiS'T). If full air-conditioning or central 
heating is not available, the flue of a stove in a 
neighbouring room may be arranged to pass 
through the darkroom. A closed combustion 
stove in the darkroom is a mistake, on account 
of the dust produced in charging and discharging. 
Failing other means, an electric heater may be 
used; special types of portable electric stoves 
are 'available which give out no light and tubular 
heaters can be used round the walls. Thermo- 
static control of the room temperature is 
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Darkroom Ventilators 

advisable when using fixed heaters. Electric im- 
mersion heaters are very useful when one wishes 
to wSrm up rapidly a very cold bath to the 
temperature of the darkroom. They are heated 
internally by resistances, and are plunged into 
the liquid to be heated, and used as a stirrer. 

273. Sinks. It is best to conduct all opera- 
tions with liquids in a large sink. This can be 
made, for example, of wood, lined inside with 
lead (all joints must be welded, not made wi^ 
tin solder), ^te, rubber, a^halt or a plastic 
such as Alkatiiene. It is possible to use sinks 
(A bare pine, the boards bei^ held firmly to- 
gether by bolts pasting the iuH width 01 the 
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sink. It is sometimes advisable to use a joint- 
ing of thick tar in the grooves of the joints. 
Cement sinks are to be avoided ; they are cheap 
but do not last long; earthenware sinks are 
usually too small. Chemical stoneware sinks of 
adequate size are made. Stainless-steel sinks 
are satisfactory provided chemically-resistant 
steels are used and that the sinks are entirely 
seamless or at least welded and polished ; such 


various baths, it is convenient, for diluting stock 
solutions at the time of use, to have a separate 
container of about two gallons capacity, in 
which the water can come to the temperature 
of the darkroom and give up at least a part 
of the gases dissolved in it. 

The waste pipe should preferably be covered 
with a perforated dome-shaped cap, to prevent 
its stoppage by odd pieces of film or paper. 



Fig. 20.8. Darkroom Sink 


sinks are rarely available in the larger sizes. 
The bottom of the sink should always be on a 
slope, to allow all the water to flow away through 
the waste pipe (Fig. 20.8). 

The sink is provided with a wooden rack from 
one end to the other, fitted with triangular rods, 
so that it makes very little contact with the 
bottoms of dishes, and consequently does not 
wet them appreciably. 

The internal dimensions of the sink should be 
such that it will hold side by side the dishes 
used in the various operations. It should be 
6 to 9 in. deep and should not be less than 2 ft 
6 in. from the floor. The sink may be extended 
on one side or the other by draining-boards 
where stock solutions can he mixed. These 
should preferably be made of impermeable 
material such as stainless steel or teak, or be 
rendered impermeable by hard rubber or rubber- 
ized cloth, and should have grooves draining 
into the sink to prevent water collecting on them. 

Cold water should be laid on, if possible, from 
two taps ; one supplies the washing tank and is 
arranged at one end of the sink, while the other, 
near the centre, is used for mixing solutions, 
rinsing, etc. In a darkroom often used for the 
handlmg of large plates it is an advantage to be 
able to operate one of the taps by foot to give 
the operator free use of both hands, A hot- 
water tap, while not essential, is often useful. 
It is well to choose taps of a long-neck pattern,, 
and to fix them so that they project from the 
to about the middle point of the sink, 
placing them at a height such that they allow 
the passage under them of the tallest vessels 
used when standing in the bottom of the sink 
or on the grid. The water supply being usually 
at a lower temperature than that best for the 


If it is wished to wash large prints in the same 
sink, it is useful to fit a support for a vertical 
tube in the waste pipe, the arrangement serving 
the purposes of an overflow. The waste pipe 
should ^so be provided with a trap, with an 
inspection plug at each bend, in case the pipe 
becomes stopped up. 

Lead pipes should be used for the smaller 
waste channels and earthenware pipes for the 
larger drains. Iron pipes are corroded quickly. 
Open, glazed gullies between the lead pipes and 
the main drains are convenient for cleaning 
and inspection. Photographic solutions can, 
in general, be discharged into the normal drain 
system unless very large volumes are involved, 
in which case the local authority should be 
consulted. 

274. White Light in the Darkroom. Apart 
from the safelights for the darkroom, which we 
have studied in Chapter XIX, there must 
obviously be ordinary lighting, chiefly for clean- 
ing, getting things ready, and examining nega- 
tives, etc., after fixation. Where electric light 
is used, steps must be taken to avoid confusion, 
during working, between the switches operating 
the white light and those operating the safe- 
lights. The switches for the white light may be 
boxed in or operated by removable keys, or 
may be placed higher than the others, or be 
of a diflerent design and material. It is j^ssible, 
for example, to use a foot-switch to light up 
momentarily a lamp with a white or bluish 
ground glass window used for examining 
negatives and prmts immediately after fixing. 

To avoid dazzling the eyes and rendering them 
slow in getting accustomed to the safelight, any 
white lights in the darkroom should be jnrovided 
with ground glass or opal diffusers, so as to 
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render the filaments or flame indistinguishable. 
The lamps should be arranged as high as possible 
so as to be out of the direct field of view. 

275. Equipment of the Darkroom. It is a 
good rule that the darkroom be used only for 
operations which cannot be performed except 
in safelight. An extra “work-room” should 
be provided, with a sink and one or two tables 
and cupboards, for any work which can be 
done in white light, e.g. weighing chemicals, 
preparing baths, intensification and reduction 
of negatives, toning, and washing prints, and 
drying. If the darkroom and workroom are 
next to each other, the sink may be extended 
through the partition by making a passage 
through the partition. This should be of a size 
to allow space for a dish Ixitween the grid and 
the top of the aperture. I'he amount of light 
which can thus enter the darkroom will not be 
serious if the communication with the workroom 
is made in the darkest corner of the latter; 
a movable trapdoor or a blind of rubber cloth 
may be used as a safeguard. But let it be borne 
in mind that neither of these rooms, where the 
atmosphere is always somewhat damp, is suit- 
able for keeping stocks of plates, papers, etc. 
There should, however, be one or two draw’ers in 
the table, for use when loading slides, for opened 
packets, and sufficient material to last the day 
only. 

The table used for loading and unloading 
slides should be far enough from the sink to be 
out of the range of any splashes, and not in the 
direct rays of the lamp. In a very small room, 
a folding table with a cloth cover can be used, 
being erected only when required. 

Where possible, all benches and other wood- 
work should be of birch, maple, beech, or teak, 
the last being best for wet positions. The woods 
are more resistant when waxed, all surplus 
wax being rubbed away. If other woods must 
be used, they should be covered with a protective 
material such as linoleum or thick rubber-sheet 
or, if exposed to solutions, plate-glass, lead or 
stainless steel. A convenient height for tables 
is 2 ft 6 in. to 3 ft. Cupboards may be placed 


underneath provided space is left for the toes. 
Benches used for solutions and those for dry 
operations should be carefully segregated. 

The darkroom should contain only what is 
absolutely necessary in order to facilitate work- 
ing in the dim light. All useless shelves and cup- 
boards should be vetoed ; they only encumber a 
darkroom and make it difficult to keep it clean. 

A rack suitable for draining dishes under the 
sink, a shelf above the sink for bottles of solu- 
tions, and under this shelf a rack with notches 
to hold measuring and other glasses upside down, 
form, with the table for loading dark slides, the 
only necessary equipment of a darkroom used 
for negative-making. 

If printing is to be done in the same room, 
there must obviously be provided a printing 
box and a cupboard for the printing frames and 
opened packets of papers. If no other room is 
available, there is also the enlarger to be included 
which may, however, be of the vertical type, 
and thus save space. 

For ease in cleaning, avoid securing to the 
walls any fittings which can remain unattached. 
For the same reason, tables and shelves should 
be painted with some washable preparation, or 
covered with linoleum, so that they can from 
time to time be sponged with a wet rag. It is 
even well to get rid of sharp corners in the room 
by nailing into them strips of wood of triangular 
cross-section. Sheets of fibro-cement fonn 
excellent darkroom tables if painted with 
bitumen or other waterproof paint. Sheets of 
rubber cemented on to tables of hard material 
greatly reduce the risk of breaking glassware. 

A soap dish above the sink and a roller towel 
oft one of the walls should not be forgotten. 
Jt is absolutely essential to rinse the hands tn 
clean water before drying on the towel after 
contact with any chemical substance, dry or 
in solution. This precaution is , particularly 
necessary in the case of the fixing bath, which 
by contamination of the towel is the cause of 
many failures through handling sensitive films 
with fingers which are supposed to have been 
wiped clean. 
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276. Tanks and Dishes. If only one or a very 
few negatives are treated at a time, the plates 
or cut films may be laid flat in a shallow dish, 
but when large numbers are often treated at 
once much time is saved if they are placed in a 
deep tank holding several plates vertically. 

Dishes are made with the sides splayed out- 
wards, and with a Up al one of the comers for 
pouring the Uquid out. The sides of dishes are 
often made too much splayed out, to faciUtate 
the packing of one inside the other for transport 
and storing. It is thus very difficult to move 
a dish half full of Uquid or to rock it even gently 
without spilling some of the Uquid. The fluting 
on the sides of glass dishes concentrates locally 
on the sensitive emulsion the light reaching 
them obliquely, thus sometimes giving rise 
to fogging restricted to narrow black shaded 
bands along one edge of the plate or film. The 
dishes most frequently used are not deep 
enough, especially in large sizes ; the depth 
being usually the same for a dish 20 x 24 in. 
as for one 5 X 4 in. 

For many years it was usual to make project- 
ii^ ridges on the inside of the bottom of the 
di^ to fodUtate the removal of the plates. 
This practice was a nuisance in the use of papers 
and is now almost entirely abandoned. In its 
place we have a depression in one comer of the 
dishi which allows for the introduction of a 
finger nail or a hook under the plate to lift it. 

Tanks for vertical development have for a 
long time been made with grooves in the two 
opposite ddes, or carrying a movable frame- 
work fitted with grooves. One plate is inserted 
in each pair of slots or sometimes two back to 
back. This is not practicable with backed 
plates as they will stick tightly together. The 
removal of the plates by their edges is not always 
easy, and the grooves are often very dose to- 
geth^, thus reducing the quantity of Uquid in 
oontact with the sensitive film under treatment. 
These types of vessels, moreover, cannot be 
used for cut films. 

A develop^ tank invented for tfie use of the 
French Muita^ Aviation (£. Cousin, 1914) 
was a marked improvement on vessels for^ ver- 
tical devdopment then known ; it was adopted 
afterwards by the various alUed armies, and its 


use has spread in aU branches of photography, 
either in its original form for plates, or, ^ter 
certain modifications, for cut films. 

The plates or films are placed singly in metal 
frames or hangers (Fig. 21.3), where plates are 
held during all the operations until drying, or 
even including drying, in the case of films. The 
frame shown in plan and elevation in Fig. 21.3 
is of the type used for plates. -To assure a better 
hold on a film after it has been softened by 
wetting, curved frames may be used, or, for 
large films, frames with a deep rebate (which 
can then be perforated to allow free circulation 
of the liquids) or frames with spring cUps at the 
four corners. If curved frames are used the 
emulsion side of the film must be the con- 
cave one. The frames, once filled, are introduced 
one by one, and left for the time necessary in the 
different baths and in the washing tank. 
Hangers are supported by their crosspieces on 
the top edge of the tank or on an internal ledge 
(Fig. 21.2), the latter arrangement faciUtating 
the fitting of a Ught-tight Ud, which enables 
white Ught to be turned on in the darkroom 
during development, if need be. To avoid air- 
bells both plate and film hangers can be intro- 
duced at an angle (not verti(^y). As soon as 
the whole emulsion is wetted the hanger is 
lifted up and down a few times. The hangers 
must not be too close together ; a gap of } in. 
for plates 7 x 5in. or about ijin. for plates 
15 X 12 in. sho^d be left. 

The tanks should always be of such size that 
the plates are covered by at least } in. of liquid 
and allow f in. of Uquid below them, for the 
accumulation of used developer or the deposition 
of sediment and insoluble matter. 

The capacity of these vertical tanks is con- 
siderable (about 3 gaUons for 12 x 10 in.), and 
it would ridiculous to pour the by no means 
exhausted developer into a bottle every time 
it is used, to ^otect it from i^ntaneous 
oxidation. A veiy ingenious way of protecting 
the developer consists in placing in the tank, 
when not being used, a floating Ud (shown iu 
position on the tank in Fig. 21.1). This Ud fits 
in the vessel with as Uttle play as possible, thus 
redocmg the surface of Uquid in contact with 
the air. A floating Ud can be improvized by 
188 
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cutting a piece of waterproof paper (paraffin 
waxed paper) of size about 1/16 of an inch 
smaller than the internal dimensions of the 
vessel. This paper can be replaced when it 
l)ecomes damaged. 

It is easy to treat in a given tank plates or 
films of any size smaller than those provided 
for. Hangers for plates 7 x 5 in. upright can 



Fig. 21.1 


Fig. 21.2 


Developing Tanks 


be used for plates 5 x 4 in. on their sides. 
Tanks can also be made to take frames of 
various sizes, for instance, 7 X 5 ip* 
their side, lengthways ; or 5 X 4 in. upright, 
crossways. Also, movable crosspieces may be 
fitted on which to rest frames sm^er than those 
intended. 

277. Special Tanks for RoU-filtns. A descrip- 
tion of all the methods for developing of roll- 
films would carry us too far afield. For the 
amateur's roll-film we have tanks into which 
the film may be introduced in daylight, no 
darkroom being required. For cinematograph 
films we have frames immersed in a large vessel, 
or horizontal drums, with the film wound on 
them, revolving on an axis. The lower part 
only is immersed in the bath, and the steady 
rotation ensures uniform action on the film. 
Different types of apparatus for the treatment 
of the amateur's spools singly will be found in 
any catalogue of photographic apparatus; for 
equipment of the cinematograph laboratory we 
must refer the reader to special works. In 
general tanks for lengths of ^m employ 
either a frame (round which the film is wound) 
or an apron of waterproof material (inside 
which the film is wrapped but separated from it 
by corrugated edges) or two flanges fomung a 
spiral channd (into whijch the film is wound). 

The commercial processing of roll-films 
(de^^Oping and printing) for the amateur is 
general^ done in deep tanks, the films being 


held by clips hung on a rod, by single hangers, 
or by racks holding several films. Long films 
are often fastened at both ends by the same 
clip, the two sides being held apart by a cylin- 
drical roller weight or by a cross-piece of the 
frame. In case a film should drop to the bottom 
of a tank, a net or basket is sometimes kept at 
the bottom from where it can be drawn up by 
cords or rods hooked on the upper edge of the 
tank. 

For long strips of film used in automatic 
cameras for aerial photography, too large to be 
handled on frames similar to those used in 
cinematography, apron or spiral tanks of special 
design may be used, or a particular type of 
tank, designed for aero-film, in which the mater- 
ial is wound forward and backward, from one 
spool to another, under the developer. Such a 
tank is standardized in the Air Forces of several 
countries. 

We may finally mention, without describing 
any of the many types, the machines for pro- 
cessing (including fixing and washing) cin6 film, 
film in long strips for aerial photography, and 
roll-films used in cameras for amateurs. 

278. Materials for Tanks, Haters, and Dishes. 
Material for photographic equipment has to be 
chosen for its resistance to the chemical solutipns 
to be used with it, any effect it may have on 



Fig. 21.3 < 

Film or Plate Hanger for 
Developing Tank 
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such solutions and the cost and ease of fabrica- 
tion of the material itself. Owing to its absolute 
impermeability and resistance to nearly all 
chemical reagents, glass is certainly a good 
material for the manufacture of tanks and dishes, 
at least in the smaller sizes required by fte 
amateur. After proper cleaning, a glass di^ 
can retain none of the products it ^eviouay 
held, and can therefore be used alternately for 
verjf different operations without risk of con- 
tamination; it k however, somewhat fragile. 
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Transparent glass dishes are sometimes used in 
order to be able to illuminate the negatives 
from below in the course of development or 
fixing in order to follow the progress of the 
operation without touching the plates. 

Porcdain (white translucent ware) has the 
same properties, but is no longer used for dishes 
and tanks. Dishes sometimes described as 
“ porcelain ” are nearly always made of some 
variety of earthenware (opaque porous ware) 
with the surface protected by a glaze, which is 
fragile and easily chips off. This glaze readily 
cracks, allowing the products to penetrate into 
the porous substance, whence they can only be 
partially removed by washing, or even by the 
action of powerful reagents. Not only should 
an earthenware dish be kept as far as possible 
for the same bath, but one should avoid leaving 
the solution in it longer than is necessary for 
the operation ; for if a solution of a salt is left 
in su^ a dish it tends to crystallize out in the 
earthenware, breaking up the glaze and some- 
times even the earthenware itself. This does 
not apply, however, to the special stoneware 
made for the chemical industry and used for 
the manufacture of vertical tanks for handling 
numbers of roll-films at a time. These are excel- 
lent for use with most photographic solutions but 
they should not be used with caustic alkalis. 

Brief reference may be made to tanks and 
dishes of celluloid or of moulded composition. 
These nearly always split or become deformed 
after using for some time. These dishes must 
never be used for baths containing caustic 
alkali or a large proportion of alcohol. Some 
of the newer plastic materials are, however, 
exddlent. 

Slate is excellently adapted for the construc- 
tion of di^es of large size, being strong and hav- 
ing perfect resistance to almost all chemical 
reagents.^ At the same time, it is very necessary 
to protect the edges of the tanks used for fixing 
to prevent the hypo from penetrating into the 
material along the planes of cleavage, and 
separating the layers when it crystallizes. This, 
however, only occurs after very long use. 
Re^tance can be increased by impregnating 
the slate with paraffin wax, applied very hot. 

Tanks of reinforced concrete faced with cement 
are useful for washing; they can also be used 
for deindopment in dilute baths or baths only 
^htly alkaline. Th^ are attacked by fixing 
baths, particularly add fixers, as well as by all 

^ Dithoi for development and washing must be jmned 
by cement ; those for fixing, with gutta-percha. 


acids in very weak solution. They can, however, 
be coated with a chemical-resistant paint or 
with hard asphalt, which considerably increases 
their life. 

Dishes of wood lined with guUa-percha about 
a quarter of an inch thick are satisfactory in 
large sizes by reason of their lightness and 
strength. They are not much use, however, in 
hot climates, where the gutta-percha becomes 
very soft. If left dry for a great length of time 
these dishes are liable to crack, but it is easy to 
repair them with a hot iron. The material 
known as Wigan cloth is also very satisfactory 
for lining dishes. Wooden dishes may be made 
impermeable with molten paraffin wax applied 
very hot with a brush and smoothed on the 
surface with a hot iron; also with several 
coatings of asphalt varnish, allowed to dry with 
free exposure to the air before using. Plain 
wood, preferably one of a resinous nature 
(such as cypress, spruce, redwood, or teak) 
may be used for tanks, if the latter are metal- 
bound (otherwise they may leak at the joints, 
especially if allowed to dry), and are always 
kept for the same operation. The wood, being 
porous, does not permit the use of successive 
"incompatible"' baths. When paraffin wax 
is employed to impregnate wood used for 
tanks, the wood should be soaked in water for 
a day and then immersed in molten wax at 
120°C for two hours. Joints can be caulked 
by means of thin strips of untreated wood, 
which swell when the solution reaches them. 

Vessels of enamelled steel made by manu- 
facturers for the chemical industry resist the 
usual photographic reagents well. The steel 
does not usually become deformed, and the 
enamel, having the same coefficient of expansion 
as the steel does not tend to crack. Unfortun- 
ately, the enamel is slowly etched by alkaline 
solutions, even developers, and is easily chipped 
by careless handling. Once the metal under- 
neath is bare its corrosion is rapid, and the 
enamel soon comes off in flakes on both sides 
of the cracks. Cheap dishes of thin metal, 
especially if welded, instead of being cast or 
pressed, are particularly prone to show such 
troubles. 

Ebonite-covered steel, which is sometimes 
used for medium-sized tanks, is not open to the 
same objections, as ebonite is sufficiently elastic 
not to crack in case of slight temporary or 
permanent distortion of the metal. Other 
suitable coverings include soft rubber sheeting, 
asphalt paint, either alone or mixed with nibb» 
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solution, hard asphalt (applied hot), halogenated 
rubber paints and certain Bakelite lacquers. 
None of these materials is completely impervi- 
ous to any solution upon prolonged exposure, 
liowever. The outsides as well as the insides 
of tanks should be protected. 

Pure, hard rubber, free from sulphur com- 
pounds, is an excellent material for dishes and 
tanks. Many thermoplastics, especially those 
of the acrylate and cellulose types, are also 
very resistant and easily worked. They may, 
however, be distorted by hot solutions. 

When bare metal is employed, the action of 
the metal on the bath, as well as that of the 
bath on the metal, has to be considered. In 
particular, copper and/*«, with their alloys (with 
the exception of the copper-nickel alloy to be 
mentioned), bronze, brass, and solder, should 
never come into contact with a developer, since they 
are certain to produce an intense chemical 
fog (J. I. Crabtree, igi8). Rubber of ordinary 
quality (tubing, stoppers, etc.), which con- 
tains antimony sulphide (always present in 
the red variety) and sulphur, also causes fog 
if allowed to contaminate the developer. Pure 
rubber (English sheet) does not give rise to this 
trouble. 

In considering the choice of a metal, a dis- 
tinction must be drawn between a material 
suitable for amateurs, which is not likely to be ex- 
posed for long periods to chemical action, and one 
used on a commercial scale, which may be almost 
continually in contact with the solutions used. 

Stainless steel for chemical industries con- 
taining not more than o-o8 per cent carbon 
(J. I. Crabtree, 1936) and about 18 per cent 
chromium and 8 per cent nickel, pure nickel 
and nickel alloys rich in nickel (Monel, Inconel) 
are suitable for development, fixation and 
washing; copper or brass thickly and evenly 
nickel-plated, are suitable for vessels used for 
development and washing; they may also be 
used for fixation, but the time of exposure to 
hypo must be strictly limited to the time neces- 
sary for fixation, and the vessels must be washed 
immediately afterwards. Chromium, cadmium, 
and silver are not suitable for plating photo- 
graphic equipment as the layer is not fully 
resistant to solutions. Plated metals should not 
be used for apparatus likely to be cut or 
abraded ; in the event of such damage, electro- 
l)rtic action occurs and the plating is quickly 
removed. If absolutely necessary, the tanks 
may be soldered extemaUy ; developing hangers 
should never be soldered. 


Tanks of cast iron and of mild steel have been 
used with advantage for developers with a 
strong content of caustic alkalis. 

Lead is only very slowly attacked by develop- 
ing or fixing solutions (the latter may contain 
acid, alum, or silver salts), and does not affect 
the solutions. In general any metal when 
placed in used fixing baths, as in solutions of 
silver salts, becomes covered with a weakly 
adhering film of silver, which gives only very 
incomplete protection against the action between 
the metal and the solutions in which it is 
immersed. Wooden tanks lined with lead (the 
joins must be made by welding and not with a 
tin solder) arc very satisfactory, as are small 
lead-lined steel tanks. Type metal has similar 
properties, and may be used, particularly for 
taps in photographic tanks. 

Zinc is not affected by pure water, but it is 
rapidly attacked by photographic solutions, even 
when very dilute. When tanks for washing are 
made of or lined with zinc, it is essential to 
restrict the corrosion of the metal by at least 
rinsing plates or prints before putting them into 
the tank. The tank should always be emptied 
and drained after use. Aluminium should also 
never be allowed to come into contact with 
developers or fixing baths, as a chemical 
reaction may take place which leads to stains 
on the gelatine. 

In general, all metal vessels which come into 
contact with developing or fixing solutions 
should be made of one homogeneous metal. 
Of two metals in contact with each other and 
with the solution, one is always more quickly 
corroded than it would be alone, owing to 
electrolytic action. Most alloys thus suffer greater 
corrosion in contact with solutions than would 
either of the constituents separately. ' 

In general, metals should not be used for 
photographic work unless tests show them to 
be suitable for the specific purpose in mind. 
Non-porous, non-metallic substances should 
be the first choice, provided they are chemically 
stable and do not contain sulphur or metallic 
sulphides. 

279. Glass-ware. The photographic outfit 
comprises a number of glass articles, notably 
graduated glasses (measuring glasses, conical 
glasses, and measuring cylinders), the grada- 
tions of which are often marked with a pleasing 
disregard of exactness (the graduation of meas- 

^ Many of the data given in this section are taken 
from the papers of J. I. Crabtree and G. E. Mathews, 
published in 1923, 1924, and 1936. ^ 
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uring cylinders is generally less crude than that 
of the conical measures, and is, at any rate, 
fairly unifoim), stirrers (glass rods rounded at 
the two ends by heating), and a dropping bottle. 
The volume of the drop varies with the nature 
of the liquid and with the temperature, but it 
varies most with the outside diameter of the 
dropping tube. The drops given in some 
formulae are, as in pharmacy, the drops delivered 
by a standard dropping bottle with capillary tube 
of external diameter 3 mm. In a darkroom of 
any size funnels for filtrations are essential, and 
a funnel stand of wood is a useful thing ; the 
“notch” type is preferable to the “ring” 
pattern. 

The risk of breaking measuring glasses is 
greatly reduced by fitting a projecting band of 
rubber round the top edge. 

At its upper surface a solution ascends the 
walls of a vessel (capillarity). The observer 
must read the lower surface of the meniscus 
thus formed, the eye being on the same level. 

When using a stirrer in a vessel of thin glass 
it is well to cover the ends of the stirrer with a 
small piece of rubber tube. For mixing large 
quantities of liquids, a large spatula or paddle 
of soft wood is best, but each of these must be 
kept strictly for a particular bath, the purpose 
being marked on the handle. 

For the preparation of baths it is useful to 
have some pots or pans of enamel ware or 
aluminium in which water may be heated (if hot 
water is not laid on), the dissolution of the 
chemicals being done in a bottle or in some 
vessel of a material resistant to the substances 
used. For warming-up any solutions, chemical 
glass-ware or porcelain b^ns should be used 
exclusively. 

We shall discuss more fully in a later chapter 
the question of bottles and glass jars (§ 285). 

260. Cleaning of Utensils. Dishes, tanks, and 
all vessels or utensils of glass or earthenware 
which have become stained are best cleaned 
running a little strong hydrochloric acid 
over. The add can be used a great number of 
times. With a hard brush or a rubber sponge it 
is then veiy easy to remove all adherent deposits, 
and the citing is finished by rinsing in pure 
water and dra^ng.^ It is better not to wipe ; 
the doth used is generally dirtier than the vessel 
to be deaned. 

^ Atthongh the acid decolorizes all stams, thoroagh 
flcrubbiiig aad washing is necessary to remove the con- 
tamination, which wiU otherwise reappear as soon as 
devdoper is used in the vessel. 


If a point is made of cleaning vessels immedi- 
ately after use, it is usually sufficient to rinse 
them in water to be sure they are perfectly 
dean. 

Adherent deposits on the inside of bottles 
can often be removed by shaking up with lead 
shot and a solution of sodium carbonate. 

Wooden developing frames or racks placed 
successively in developing and fixing baths 
must be cleared of all traces of the hypo which 
has penetrated into the wood before being 
used again. This can be done by allowing 
them to remain for some time in a solution of 
about 80 gr. to the gallon of potassium per- 
manganate (followed by a rinse in pure water). 
The same precaution can be taken with metal 
frames, but they need not remain so long in 
the bath. The silver which is deposited on the 
metal frames forms an uneven layer liable to 
stick to the gelatine of the negatives. It is best 
to remove the large deposit of silver from time to 
time by means of a steel brush. After this, 
proceed with the treatment indicated above, 
and then brush with a tooth brush, rinse in 
water, and put to dry. 

Metal tanks can, if cleaning with water is 
insufficient, be rinsed occasionally with hydro- 
chloric acid diluted with about ten times its 
volume of water, but the vessel must not be 
allowed to remain in contact with this acid bath 
too long. For stainless steel use fairly dilute 
nitric acid. 

Too great emphasis cannot be laid on the 
necessity of carefully cleaning every new vessel 
before taking it into use. For the hrst cleaning 
of metal goods (except for aluminium, which 
can be cleaned with soap or with a solution of 
trisodium phosphate) hot soda solution should be 
used to remove the greasy material which has 
been employed for polishing or for the protec- 
tion of the surface. 

281. Various Accessories. The racks sold for 
drying negatives are usually of bad design. 
As a tradition from the days of wet collodion, 
when the photographer had to carry his entire 
apparatus to the place of operation, these 
acce^ries are often of folding pattern, to the 
detriment of their stability; thw grooves are 
also too close together, and may be of rectangular 
section, whereas they should be of V-section, 
so as not to allow the wet gelatine to. stick to 
the sides of the groove. For professional work, 
and in all cases of large sizes, the racks should 
be rigid, with well-spaced grooves, allowi^ free 
renewal of the air round the drying gelatine. 
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As regards balances, it is best to choose the 
Robervd type, ^uch as is commonly used as 
shop scales, thus j^rmitting the weighing of 
substances in a weighed vessel without inter- 
ference of the usual stirrups supporting the 
pans. The sensitiveness of a balance being about 
a two-thousandth of the maximum weight it will 
carry, it is well not to buy a balance which is 
capable of dealing with greater weights than are 
necessary. If, in a large establishment, it is 
necessary to have balances for heavy weights, 
it will be best to provide a separate balance 
for light weights. A Roberval balance, having 
a very long needle, will weigh 3 oz. to 7 oz. to 
the nearest grain. A very practical type of 
balance, since it avoids the use of the very 
small weights, often lost, consists of a graduated 
beam along which a small mass can be moved as 
in the steelyard. 

A very useful accessory in the photographic 
darkroom is a small clock having only a minute 
and second hand, both being visible in the 
semi-darkness of the darkroom, or, better 


still, a metronome, set to beat h^ seconds or 
seconds. Excellent spring-driven and synchro- 
nous electric clocks are available with large 
seconds hands coated with phosphorescent 
material. 

A final item of equipment is a thennometer, 
fixed at some distance from the wall, to indicate 
the temperature of the darkroom ; also a small 
thermometer, graduated on the stem, for placing 
in tanks or dishes to ascertain the temperature 
of the baths. Alcohol thermometers for photo- 
graphers should not have the liquid coloured 
red, but deep purple blue, in order that it may 
be easily seen in non-actinic light. Dial thermo- 
meters, with the bulb at the end of a flexible 
pipe, are available for use in tanks. Thermo- 
static controls can be fitted if electrical warming 
devices are used. 

For washing, a siphon is a useful accessory. 
A small type can be fitted to the side of a large 
dish to maintain the level of water at a predeter- 
mined height. Another sort can be used in the 
drain-hole of the sink, for the same purpose. 



CHAPTER XXII 

CHEMICALS: PREPARATION OF SOLUTIONS, WATER SOFTENING, INDICATORS, pH 


282. Choice of Chemicals. Substances which 
are entirely free from chemical impurities 
cannot be obtained as ordinary commercial 
products, and are only necessary for certain 
scientific investigations, for which purposes they 
are specially prepared by elaborate processes 
of pui^cation. Intermediate between the purest 
chemical products and ttie raw materials, there 
are a large number of grades, which differ from 
one another in the amount of active constituent 
they contain, as well as in the nature and pro- 
portion of the various impurities. Certain im- 
purities, according to the use for which the sub- 
stance is needed, are not injurious. For instance, 
impurities which merely lower the amount 
of active substance present may be permitted, 
but others, which would retard or interfere with 
the intended reaction, should be excluded. 

For this reason, chemical substances to be 
used in pharmacy must comply with the stan- 
dards of purity laid down in the British Pharma- 
copetia. Similarly, many firms issue certain 
specifications to their purveyors of chemicals, 
which state the limits of admissible impurities 
in each product, and fix the price according to 
the actual content of active substance. It may 
be gathered from these remarks that care should 
be exercised in buying photographic chemicals, 
and that a comparison of prices is not the only 
consecration to be taken into account. 

Iii his own interests, therefore, the photo- 
grapher should purchase his chemicals from 
reputable specialized firms, who, from their 
knowledge of the ultimate uses of the materials, 
can supmy the required qualities. 

283. Ai^drous, Crystalline, Efflorescent, and 
Deli q uescent Substances. The amount of active 
substance contained in a product varies con- 
siderably with the chemical form in which it is 
obtained, and also with the. extent to which it 
may have been changed by the action of the air. 

Many salts exist in two forms, anhydrous and 
hydrated, the latter appearing most usually in 
the form of crystals. Anhydrous sodium sul- 
phite for example, is equivalent to exactly 
twice its own weight of the crystalline sulphite, 
the difierence (assuming both substances to be 
pure) representing the water of crystallization 
cemtained in the crystalline salt. The fact that 


this numerical relationship is fortuitous and 
applies only to the case of sodium sulphite, is 
often overlooked. Thus, anhydrous sodium 
carbonate is equivalent to 27 times its own 
weight of the crystalline carbonate, and anhy- 
drous sodium thiosulphate (“ hypo") to approxi- 
mately 1*5 times its own weight of the crystalline 
salt. 

The water, which constitutes an integral part of 
hydrated salts, is not always firmly retained, and, 
in a very dry atmosphere, certain of these salts 
effloresce, the outer coating of the crystal being 
converted to the powdery anhydrous compound. 

Other salts, both anhydrous and hydrated, 
readily absorb moisture from the air,^ dissolving 
progressively in the water they have absorbed. 
These deliquescent or hygroscopic salts, as they 
are called, are very difficult to keep in good 
condition, and their weighing-out becomes so 
uncertain that it is often advisable to prepare 
from these substances, immediately they are 
received, a stock solution of known concentra- 
tion, from which, at any future time, the various 
mixtures may be prepared. 

284. Unstable Substances. Many other sub- 
stances change very rapidly, either spontane- 
ously or due to the influence of atmospheric 
oxygen. These changes are usually accelerated 
by the presence of moisture. In this manner 
sodium sulphite, particularly as the crystalline 
salt or in solution (in which case the weaker the 
solution the more rapid the change), is gradually 
converted into a mixture of sulphate and di- 
thionate by absorption of oxygen. Similarly, 
developing agents turn brown or black, in time, 
by oxidation, especially if they have been trans- 
ferred to a damp vessel; cyanides are gradu- 
ally converted into carbonates by the carbon 
dioxide in the air. In a manner similar to the 
loss of gas from Seltzer water, ammonium hy- 
droxide constantly loses anunonia gas, which, 
dissolved in water, forms the active constituent. 
Solutions of formalin, or formaldehyde, deposit 
a white insoluble mass {triox3rmethylene) pro- 
duced, without externd interference, by a 
transformation of the original gaseous product. 

' Products like quicklime and liver of sulphur that 
swell in damp air without dissolving in the absorbed 
water may burst a badly stoppered jar. 
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These examples, which could be multiplied 
indefinitely, indicate, in the first place, that 
every precaution should be taken to store the 
substances as carefully as possible, and also 
that, for the majority of chemicals which 
are used, the actual amount of active substance 
present is very uncertain. 

Fortunately, the ordinary photographic pro- 
cesses do not require great precision. A con- 
siderable variation of an active substance in a 
photographic bath would often pass unnoticed. 
It is therefore useless to discuss the relative 
merits of formulae differing from one another 
in a small degree, since the variations, which 
occur unknown to the operator, are in many 
cases much larger. 

285. Storage of Chemicals. Many solid sub- 
stances, which are not readily affected, are 
usually delivered in bags or cardboard boxes, 
to reduce carriage costs, but there are very few 
photographic chemicals which, if stored in this 
manner for any length of time, would not become 
spoiled to a greater or lesser extent. 
Moreover, it is not infrequently found that the 
labels or inscriptions on such parcels are lost 
or become illegible, or that the bags are split 
with the consequent risk of annoying losses and 
mistakes. 

Stable substances, such as “hypo,’' the 
alums, and the various natural products, which 
are occasionally used, gum, starch, etc., should 
be stored in wooden boxes, or the bags contain- 
ing them should be placed in labelled metal boxes. 

All other substances should be stored in 
tightly-stoppered glass or earthenware recep- 
tacles. For this purpose, narrow-necked reagent 
bottles are very much easier to seal hermetically 
than the ordinary type of wide-mouth bottle. 
Druggists usually seal off their bottles with 
flat corks which are cut off level with the neck. 
This method, although perfect at the outset, 
does not afford such an airtight joint once the 
cork has been removed and replaced. It is 
therefore better to obtain, both for ordinary 
products and for^ unstable substances, a series 
of bottles of required capacity, fitted with 
good quality cork stoppers of tall conical 
shape, which are easily removed by hand, and 
will last for a considerable time. Cork stoppers 
can be made more flexible by rolling them under 
pressure between a block of wood and the top of 
a table: they can be readily filed down, if 
necessary, to improve the conical shape. A 
conical stopper of pliable cork afforefe a perfectly 
airtight fitting owing to the pressure which it 


exerts on the glass as it is gradually forced in. 
When inserting the cork, a&)ut half its length 
should be left above the neck. 

It is frequently supposed that ground-glass 
stoppers are preferable to cork. Although 
they must of necessity be used with certain 
liquids, such as nitric and sulphuric acids, which 
attack both cork and rubber, the fitting so 
obtained is far from airtight, and there is the 
additional risk that the stopper will stick tightly 
unless smeared with paraffin. This type of 
stopper should be avoided for alkalis and their 
solutions, and for very volatile liquids, such as 
ether. Stuck stoppers can usually be loosened 
by leaving the bottles for about 48 hr under 
a depth of about bin. of water, the water 
gradually finding its way between the stopper 
and the neck. Sharp tapping with a stout glass 
tube is another method which is often successful. 

Many substances which attack cork (solutions 
of caustic soda and potash, hydrochloric acid, 
sodium hypochlorite) can be stored in perfect 
condition in bottles fitted with rubber stoppers. 
This method of storage is recommended lor all 
oxidizable solutions. 

Beer and preserve bottles can be obtained 
with mechanical caps, which fit down tightly on 
to rubber rings. These afford a perfect airtight 
fit, which is specially useful for oxidizable liquids 
and solids. It is also possible to procure rubber 
caps, which may be drawn right over the neck 
of a bottle fitted with an ordinary cork stopper, 
in order to render the joint more airtight. 

The few substances which are unstable to 
light (e.g. solutions of mercuric iodide, used 
for intensification) should be stored in opaque 
bottles (either stoneware bottles or ordinary 
glass bottles covered with black paper). 

The amateur must never store photographic 
chemicals or their solutions near household or 
pharmaceutical preparations, and it is important 
that they should be inaccessible to children. 
Bottles of similar shape to those used for 
beverages should be avoided, or at least the old 
labels should be removed and new ones indicat- 
ing the contents made clearly visible. As the 
common photographic chemicals are not poison- 
ous, their accidental ingestion will have no 
worse than disagreeable consequences. 

286. Labelling of Jars and Bottles. The neces- 
sity for labelling very clearly the containers of 
all substances or their solutions immediately 
they are bottled cannot be stated too emphatic- 
ally. Neglect of this elementary precaution, 
especially in a darkroom to which several 
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people have access, leads inevitably to annoying 
mistakes and to loss of materials which cannot be 
identified. 

Labels written in indian ink on white paper 
can be rendered indelible by painting them, 
after the gum has dried, with a brush dipped in 
celluloid varnish or melted paraffin wax. If 
this is not done, a bottle should be held with the 
label upwards when pouring out liquids, so that 
if any of the solution should triclde down the 
sides the label will remain intact. The labelling 
of all large receptacles should be done with 
paint. 

To avoid loss of time when renewing the stock 
solutions of baths which are in constant use, it is 
often useful to have a copy of the formula for 
each particular bath in the form of a label on 
the bottles in which they are kept. The formulae 
may also be copied on to a piece of white card- 
board, mounted under glass and fixed to the wall 
near the place where the weighing is carried out. 

287. Solutions, Concentration, Solubility, 
Saturation. A solid, liquid, or gaseous substance 
dissolves in a liquid when it disappears into the 
liquid, giving a homogeneous solution ; the dis- 
solved substance is called the solute, and the 
liquid in which it is dissolved the solvent) 
evaporation of the solvent leaves the solute 
unchanged. 

For practical purposes the concentration or 
strength of a solution may be taken as the weight 
in grammes of the solute in 100 ml of the solu- 
tion. For example, if 20 g of hypo are dissolved 
in a certain quantity of water and, after solution, 
made up to 100 nil, then this solution is said 
to be 20 per cent, or a 20 per cent “h3rpo" 
solution. (When the solvent is water, the fact 
is not usually stated.) To be correct such a 
solution should be labelled 20 per cent solution 
of hypo, hydrated" because it contains less than 
20 per cent of anhydrous hypo. 

At any one temperature, a solvent will dissolve 
only a fixed amount of a salt, and when the 
solution has attained its maximum concentration 
it is said to be saturated. This concentration is 
known as the solubility at tjie temperature in 
question. 

Except in very rare cases the solubility of a 
salt increases with rise in temperature. On 
cooling a saturated solution, the excess of tiie 
solute over the solubility at the lower tempm- 
ture separates out in the form of crystals, which 
are gmierally mudi purer than the ori^al 
substance (purification by crystallization), since 
the impurities present have not been able to 


reach their saturation point as long as the 
amount present in the salt is not considerable. 

In certain cases, however, a carefully cooled 
saturated solution will not deposit crystals, but 
will remain in unstable equilibrium. Such a 
solution, caUed supersaturated, will deposit the 
excess of salt in solution immediately, if a speck 
of the same salt is brought into contact with it. 

The speed of solution depends on various 
factors. A porous or very finely divided sub- 
stance will dissolve much more readily than one 
in the form of large compact lumps. Neverthe- 
less, water should not be poured on to a pow- 
dered anhydrous substance, but the latter 
should be dropped into the water in small 
quantities to prevent the formation of a large 
compact mass of the hydrated salt. Solution 
takes place more rapidly in hot than in cold 
water, and is accelerated by agitation. Since 
the solution is denser than the solvent, there is 
a tendency for a saturated solution to be formed 
in the neighbourhood of the salt unless this is 
suspended in a porous pot or a bag at the top 
of the liquid. 

288. l^ression of Formulae. A correctly- 
stated formula gives the substances in the order 
in which they are to be dissolved. 

The quantities are expressed in weights of solid 
substances, or volumes (at 65°F or i8®B) for 
liquids. The arithmetic of compounding solu- 
tions is greatly simplified by the use of the 
metric (grammes, litres, millilitres) system. 
The use of this system is especially invaluable in 
avoiding confusion between Imperial and U.S. 
ounces, pints, and gallons. In both of these 
systems the ounce^ is the same, but the U.S. 
pint = 16 fluid oz and the U.S. gallon = 128 oz, 
instead of 20 oz and 160 oz as in the Imperial 
(British) system. Above all, it is worse than 
useless to compromise, as is sometimes done, 
and to work with a mixed system of grammes 
pd fluid ounces. Accordingly all the formulae 
in the following chapters are given in the 
metric system. 

The weights or volumes are arranged to give 
a totd volume of 1,000 ml. The volume of the 
principal solvent need not be expressly stated, 
but may be indicated by the instruction, 
"Sufficient quantity to make z, 000 ml" or some 
such equivalent term. 

When a formula denotes that a certain number 
of drops of a solution are to be measured, to 

^ Note that this refers to the ounce weight. The 
fiuid ounces difier, the U.S. ounce being slightly larger 
than the Imperial 
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avoid confusion the number is usually given in 
roman figures. It is, however, better to pre- 
scribe the quantity in millilitres of a more diluted 
solution. 

289. Water used in the Preparation of Baths. 
With the exception of distilled water, rain-water, 
and water melted from ice, the water usually at 
our disposal (tap, river, and well water) contains 
dissolved salts (chiefly bicarbonate and sulphate 
of lime), suspended matter (dust, rust particles 
from the iron pipes), organic substances of 
animal and vegetable origin, which in colloidal 
form escape the most perfect filters, and after 
coagulation deposit in the baths as a fine mud, 
and, lastly, dissolved gases, notably oxygen and 
carbon dioxide. 

Business establishments, possessing a water 
supply of poor quality, but which are able to 
obtain distilled water quite cheaply (condensed 
water from boilers) should certainly use the 
distilled water for the preparation of all baths, 
since the only impurities it contains are small 
quantities of dissolved gas. 

Amateurs and professionals, who would have 
to purchase their distilled water from outside 
sources, but who are supplied with ordinary 
drinking water, should use freshly boiled water 
for the preparation of the baths. 

A few substances form traces of precipitate 
in presence of the calcium sulphate which exists 
in boiled water, but if the baths are made up in 
relatively smaU quantities it is quite easy to 
filter them before use. 

As a general rule, therefore, distilled water 
is not necessary for the preparation of photo- 
graphic baths, in spite of the instructions to 
the contrary which are given in various formulae. 
The only exceptions to the use of tap water are 
in the preparation of the stock solutions of the 
salts derived from the precious metals (silver, 
gold, platinum). 

290. Methods of Purification. The filtration of 
the water does not remove dissolved substances 
but, if the filter is sufficiently fine, will remove all 
suspended matter, and thus constitutes a useful 
precaution in the case of water used for aU 
photographic treatments, including washing. It 
should considered as indispensable when 
working with miniature negatives and, in all 
oth^ cases, for the final wasn. 

BoMing the ^ater drives off dissolved gases 
and decomposes calcium bicarbonate, liberating 
carbon dioxide and {nrecipitating ca lci u m car- 
bonate which, with caldom sulphate, forms the 
tuny lining inside kettles and boileis. Boiling 


often catises the coagulation of certain organic 
substances. On cooling the Ixdled water, air 
will redissolve in it. 

Various processes enable the calcium and 
magnesium salts that are dissolved in the water 
to be replaced by harmless sodium salts. By 
other processes all the dissolved salts can be 
removed, the treated water then being practi- 
cally identical with distilled water. 

For quite a long time, boiler-feed waters and 
laundry waters have been softened by running 
them through a filter of artificial zeolites (base 
or ion exchangers, Permutites) consisting of 
coarse particles of sodium aluminosilicate (R. 
Cans, 1906) which becomes progressively trans- 
formed into calcium and magnesium alumino- 
silicates when in contact with hard water. The 
Permutite may be regenerated by bringing it into 
contact with a 12 per cent solution of sodium 
chloride (common salt) when the sodium ions^ 
enter the Permutite, displacing the calcium* 
and magnesium ions. 

In some chemical laboratories and in various 
industries the water is totally demineralized by 
electrodialysis. Equivalent results are obtained 
more easily using exchangers in which the salts 
are first transformed into the free acids by 
filtering the water through a bed of humic 
acids obtained, chiefly, by the treatment of 
lignite by sulphuric acid (F. Fisher and W. 
Fuchs, 1927). Then the acids are removed 
by an insoluble base whose salts are also 
insoluble (C. Austerweil and A. Fieldler). 

291. The Sequestration of Calcirim Sdts. The 
calcium salts in ordinary waters can be 
transformed into soluble complexes that cannot 
be precipitated by the sulphite and carbonate in 
developers and which do not give rise to a 
calcium scum on drying, by adding a small 
quantity of sodium hexametaphosphate 
(NaPOs)^, "Calgon” or Graham^' salt (R. E. 
Hall, 1934), or pyrophosphate Na4P,07, loHjO, 
and tetraphosphate NajPiOi, (R. W. Henn and 
J. 1 . Crabtree, 1944). To sequester a given 
quantity of calcium salts it is necessary to use 
rather more of the pyrophosphate than of the 
other two. 

These salts, which are stable in the soU 4 
state when they are stored in dry air, hydrolyse 
slowly in aqueous solution with the formation 
of orthophosphates which g^ve a precipitate 
of aluminium jffios^te with the alum in 
hardening fixers, me l^^drolysis is more 
ra]pid in warm solutions or in very alkaline or 
acid solutions. 
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The feebly acid hexametaphosphate hydro- 
lyses to the acidic monosodium phosphate. 
The feebly basic pyrophosphate hydrolyses to 
basic disodium phosphate. The tetraphos- 
phate, whose solutions have a pR (§ 293-296) 
of about the same value as that of the low-activity 
developers, gives an equimolecular mixture of 
the mono- and disodium phosphates (pR — 6-5). 
The tetraphosphate is thus the only one of 
these three pr^ucts which, in itself, or in the 
form of its hydrolysis products, does not ahect 
the activity of developers. Therefore, the 
tetraphosphate is the only product considered 
in the following discussion. 

In the developers made alkaline with borax 
(the fine-grain developers), and prepared from 
waters which should not be too hard (i.e. they 
should contain less than 0*2 g of calcium salts 
per litre ; if the content is as high as this, the 
^water needs softening) the optimum concentra- 
tion of the tetraphosphate is 0*05 per cent in 
terms of the working strength solution. In 
the carbonate developers the concentration 
of tetraphosphate should be increased to o-2 per 
cent. In developers containing caustic alkadis, 
the calcium salts do not generally precipitate 
and there is no need to add tetraphosphate. 

The hydrolysis of J of the tetraphosphate, 
at 20®C, requires 3 years in feebly alkaline de- 
velopers and 18 months in carbonate developer, 
these periods being much longer than the nor- 
mal storage times. In warm climates these 
periods are considerably shortened (at 32X) 
to 9 and 3 months respectively, but the hydro- 
lysis can be retarded by adding to the developer 
some sodium citrate (from 2 to 4 times the 
weight of the tetraphosphate) which, in this 
low concentration, has no harmful effects on 
the hardening properties of the fixing bath. 

The concentration of tetraphosphate should 
be about 0*05 per cent in the final rinse, applied 
after washing in hard water. 

The Control of the Alkalinity or the 
Acidhy of Solutions. For a long time the various 
substances in nature have been classed as acid, 
neutral, or basic (alkaline). Even with the 
qualifying terms ‘'strong"' and “weak," these 
expressions do not suffice to define precisely 
the state of a solution nor are they sp^ific 
enough to allow solutions of equal activity 
to be prepared when the de^ee of acidity or 
alkalinity has a considerable influence on their 
b^viour, as is the case in some photographic 
processes. 

The usual indicator papers, a typical one 


being litmns paper which turns red on being 
moistened by an acid solution and blue when 
made alkaline, give no idea of the degree of 
alkalinity or acidity. Acidimetric and alka- 
limetric titrations determine the concentration 
of an acid or alkali in solution without differen- 
tiating between substances, e.g. hydrochloric 
and acetic acids, which give very different 
results in practice. 

A simple experiment reveals a phenomenon 
which cannot be explained on the basis of the 
traditional notions of acids and alkalis. When 
acetic acid is added to a solution of sodium 
thiosulphate (hypo), the hypo is instantly 
decomposed with the precipitation of sulphur. 
If, before adding the acid, a quantity of sodium 
acetate is dissolved in the hypo solution, the 
mixture will remain perfectly clear. Yet a 
sodium acetate solution is neutral to litmus 
and an acidimetric determination shows that all 
the acetic acid that was used is available in 
the hypo solution. Under similar conditions 
the adition of a chloride would not protect 
the hypo against the adverse effect of an addi- 
tion of hydrochloric acid. 

293. The Concentration of Hydrogen Ions. 
When an acid, a salt, or an alkdi is dissolved 
in water, it dissociates, at least partially, into 
ions. These ions consist of atoms, or groups of 
atoms having negative or positive charges 
which greatly modify their properties, for 
example — 

HCl H+ + Cl- 

hydrochlonc acid hydrogen ion chloride ion 

NaOH 5± Na+ + (OH)- 

sodium hydroxide sodium ion hydroxyl ion 

In this way, all acids liberate hydrogen ions and 
all alkalis liberate hydroxyl (OH) ions. It is the 
concentration of the ions thus liberated that 
determines the true alkalinity or acidity of 
the solution. All acids and all alkalis do not 
dissociate into ions to the same degree. For 
example, the “strong” hydrochloric acid, and 
the “weak” acetic acid, dissolved in equivalent 
concentrations in water at i8°C, are ionized to 
the extent of 91-4 per cent and 1*34 per cent 
respectively. 

Pure water dissociates into hydrogen and 
hydroxyl ions, but to an extremely smaU degree. 
Only one gramme-molecule of water, i.e. nearly 
18 g, would be dissociated at 20X in 10,000,000 
litres of water. This can be expressed in another 
way by saying that pure water contains, per litre. 
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or 10“’ g ions of hydrogen ions and hydroxyl 
ions. 

The equilibrium conditions for water require 
that the product of these concentrations, if 
some circumstance causes a change in either 
of them, should remain constant at nearly 
10“'^ (from 10-12 to io”i® as the temperature 
changes from o®C to ioo°C). 

A liquid is regarded as acid or alkaline 
according to whether the concentration of 


the activity in solution of a strong and a weak 
acid is considerably increased if the sodium or 
potassium salt of each acid is added to its 
solution. A salt of a strong base and a weak 
acid will ionize in solution. The acid ions thus 
liberated restrict the degree of ionization, 
already small, of the weak acid. On the other 
hand, a salt of a strong acid and a strong base, 
though it ionizes freely, has little or no effect 
on the very highly dissociated strong acid. The 


Acidity 




Alkalinity 


Distilled water i i 

Stop baths [ J 

Minimum swelling of gelatine 

Fixing baths 

Dye mordanting.... 
Mordanting baths. 

Toners ( iron, 


pH 

pOH~ 


uranium) 
O I 

"I » -I 


Developers with caustic 


alkali 


Natural waters (spring) 
Water (permutite treated) 
....i. Borax developers 
Carbonate developers 


10 


12 


13 


14 

H— 


Bromphenol blue 

Methyl orange 4 

Bromeresol green . . . 
Bromcresol purple. 


12 II 

,bg..4 

_Y-.. 

.,Y 

...R 


. -Y. 


— Malachite green 
Thymol blue - 

— B 


.. ..Y« 


■•»Y. 




c ? — tr~' 


Tropeoline 
Jmolphthalein 
. Phenolphthalein 

J. Phenol red 

.Bromthymol blue 


Fig. 22.1. The Ranges of Various Photographic Baths and Solutions of 
Chemicals and Indicator Dyes 


hydrogen ions or hydroxyl ions exceeds lO"’ g 
ions per litre. The product of these two concen- 
trations being always lo'i*, it is possible, 
instead of referring to the concentration of 
hydroxyl ions in an alkaline solution, to refer 
instead to its hydrogen ion concentration, 
as in the case of an acid solution. In this way 
it is possible to measure all degrees of alkalinity 
and acidity on one common scale (Fig. 22.1). 

294. Acidity Index (/>H). Because of the 
smallness of these ion concentrations and the 
veiy wide range between the extreme values, 
it is convenient to use a more compact means of 
expressing them. For this purpose the term pH 
(introduced by S0rensen) is used where 

logio concentration) 

Neutrality is then represented by 7, the various 
degrees of acidity by numbers less than 7, 
and the various degrees of alkalinity are 
represented by numbers greater than 7. 

295. Buffering Effect, ^e difference between 


results of the experiment described above 
(§292), where the sodium acetate acts as the 
buffer, can be explained in this way. 

In general, the term buffer solution is applied 
to solutions in which a small variation in 
composition results only in a negligible change in 
the 

2 g 6 , The Measurement of pH. The pH can 
be determined precisely only by ^electrometric 
means, and in the case of solutions containing 
sulplpte it is necessary to use a glass electrode 
in conjunction with a valve electrometer. Such 
instruments are marketed under the name 
'*pH meters." 

The use of coloured indicators serves to give 
only an approximate indication of the pH in 
photographic solutions. The effective range of a 
number of such indicators is shown in Fig. 22.1. 
The colour changes are indicated by the letters 
C (colourless), P (purple), R (red), Y (yellow), 
0 (orange), BG (blue-green), and G (green). 
It will be seen that two of these indicators 
have two ranges of colour change. 
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397. Prqiaration of Photographic Baths. For 
the weighi^-out of small quantities, the balance 
pans are covered with small sheets of paper, 
which are renewed for each fresh substance. 
To avoid the formation of dust, each sheet is 
wetted under the tap before being thrown away. 
For large quantities the substance is gradually 
introduced into a weighed and counterbalanced 
receptacle. Where a substance is obtained 
regularly in crystals of approximately the same 
dimensions it is possible to replace weighing 
by the more rapid method of a measurement 
of volume. Metal or strong cardboard boxes 
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are cut down until they will just contain the 
required weight or sub-multiple of the weight of 
substance when filled level with the sides. 

A bottle large enough to contain the total 
volume of the bath is half or two-thirds filled 
with freshly-boiled warm water, into which the 
substances are introduced in the prescribed 
order with constant stirring, taking care that 
each substance is fully dissolved before the next 
is added. After the complete solution of all the 
constituents, the bottle is filled with boiled 
water and, if necessary, the solution filtered or 
decanted oQ. 

Never pour water on to a powdered anhydrous 
salt as this, in becoming sup^dally hydrated, is 
covered with a compact crust, di^lving then 
being extremdy slow. To dissolve such products 
(such as sodium sulphite and carbonate) quiddy, 
tluow them into the water a little at a time with 
constant stirring. 


For the preparation of baths in large quanti- 
ties, the work is carried out in a large vessel or 
tank, in which the final volume is adjusted 
either to a mark on the inside of one of the walls 
or to a notch on the handle of a wooden stirrer 
placed in contact with the bottom. Having 
introduced a certain quantity of water, the 
substances, contained in a linen net fixed on a 
wooden frame, are successively dissolved by 
sprinkling them with water. When all the 
constituents are dissolved, the level is brought 
up to the mark by the addition of the requisite 
amount of water. 

298. Filtration. Filtration through paper is 
usually much slower and more costly than 
through either fabric or absorbent pads. The 
process is best carried out in a wide funnel 
(cone 60°) with a cylindrical stem, which is 
plugged with a piece of cotton wool or a lightly 
compressed piece of sponge, or, alternatively, 
the cone of the funnel may be fitted with a 
flannel or chamois leather bag. The three last- 
mentioned materials may be used repeatedly, 
if washed in running water and set to dry 
immediately after each filtration. 

With large bulks of liquid, filtration is usually 
done through felt pads, each pad being kept for 
a special solution. In such cases, however, it 
is often preferable to stand the solution in a 
reservoir with a tap fitted at a little distance 
from the bottom. After the solution has cleared 
by sedimentation the top layer is drawn off, 
and it is then only necessary to filter the 
small quantity at the bottom, which con- 
tains the sediment and any surface scum. 
The decantation may also be carried out by a 
siphon. 

299. Stock Solutions. Stock solutions may 
be used with advantage for all substances whidi 
are as stable in solution as in the dry state, 
and which are constantly being used in small 
quantities at a time. Weighing is then replaced 
by a measurement of volume, calculated from 
the concentration of the solution. 

It has often been proposed to use saturated 
solutions for stock solutions, but their concen- 
tration, although well defined if maintained at 
a constant temperature, is liable to considerable 
variations. The salt, which crystallizes out on 
cooling, is often deposited in a ^fficultly soluble 
mass, so that when the temperature rises 
again the solution is no lon^ saturated. 
All concentrations which excels the satur- 
ation value at 4o‘’F, the lowest temper- 
ature usually reached in any commercial 
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establishment, even during the interruption 
of work at the week-end, should therefore be 
avoided in the preparation of stock solutions. 

Stock solutions may also be prepared for 
unstable substances, but sufficient only for one 
week should be made up, bearing in mind the 
fact that concentrated solutions keep much 
better than dilute solutions (this is the case 
with sodium sulphite and sodium sulphide). 

To avoid the necessity of handling a large 
bottle when only a small quantity of liquid is 
required, the stock solutions may be stored in 
bottles fitted with either a glass tube outlet at 
the bottom or a piece of glass tubing, which, 
after passing the neck of the bottle, is bent 
round to form a siphon (see Figs. 22.2 and 22.3). 
In either case, the outlet is connected to a glass 
jet by means of a length of rubber tubing, which 
is closed by a spring clip or by the insertion of 
a glass bead. In the latter method, the liquid 
is delivered by pinching the rubber tubing round 
the bead. 

When baths are prepared immediately before 
use by the admixture of stock solutions, insuffi- 
cient care is often taken to secure a perfectly 
homogeneous mixture. This cannot be obtained 
merely by pouring out the solutions (which have 
been measured together in a graduated measure) 
into another receptacle, for the mutual penetra- 
tion of many solutions is much slower than is 
often realized. The mixing should be carried 


out in a measure which is closed securely with 
the palm of the hand, and then inverted several 
times, or the liquid decanted several times from 
one container to another. 

300. Commercial Preparations. A large num- 
ber of preparations in various forms have been 
put on the market to relieve amateurs of the 
necessity of weighing the various chemicals for 
the solutions — 

(a) Solutions ready for use, or concentrated 
solutions to be diluted with water as directed. 

(h) Dry powders contained in boxes, sealed 
or stoppered bottles and tubes, and wax-paper 
packets. 

(c) Compressed tablets, to be crushed between 
clean paper before introduction into the volume 
of water indicated. 

{d) Homogeneous pastes, prepared by mix- 
ture with glycerine or dextrine solutions, de- 
livered from flexible metal tubes similar to those 
employed for tooth pastes. A definite length 
of the paste corresponds with a certain volumt 
of the particular bath (Guillemot, 1900). 

(e) Paper ruled off into squares and impreg- 
nated on both sides, each square corresponding 
to a certain volume of the bath (Zi6gler, 1901). 

Owing to the diversity of the formulae used 
in these preparations, the only advice which can 
be given is to adhere strictly in each case to the 
accompanying instructions. 
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HANDLING OF SENSITIVE MATERIALS 
LOADING AND UNLOADING OF DARK SLIDES : REPACKING 


joi. Storage of Sensitive Materials. Sensitive 
materials should be stored in a dry place of 
moderate temperature, where they cannot be 
reached by any gases or vajwurs from volatile 
products. They should especially be protected 
from hydrogen sulphide (cesspools, or any work 
where sulphides are in use) and the impurities 
from acetylene. As has already been emphasized, 
the darkroom and rooms reserved for prepara- 
tion and storage of chemicals are not tlie most 
suitable places for storing sensitized photo- 
graphic materials. 

In an establishment of any size, the boxes 
should be stored on their sides in cupboards, or 
on racks allocated for this purpose. This avoids 
any possible damage to the packings, caused 
by the boxes being piled one upon the other. 
The different types of materials should be classi- 
fied according to the emulsion number. 

Although most sensitive materials are packed 
with a waxed wrapper for protection against 
moisture, damp storage conditions shoidd be 
avoided as far. as possible. Moisture lowers the 
sensitivity quite appreciably and, if humidity 
is high may cause surfaces in contact to adhere. 
In special cases the emulsions may be protected 
from moisture by covering the sensitive layer 
with a fatty acid, which can be removed in the 
developer by the saponifying action of the 
alkali. A somewhat similar method has been 
used by spies especially, in which the plates 
are covered with a coating of grease or varnish, 
development being impossible if the operator 
does not know that the impermeable superficial 
coating must be removed. Heat and the 
majority of chemical products cause fog in 
sensitive materials which is greater with the 
more rapid emulsions. 

Even under perfect conditions sensitive 
materials deteriorate and the change is usually 
more marked on films. The edges become 
fogged, and, as ageing proceeds, the fog band 
b^mes broader. Marginal fog usually occurs 
only on plates along the edge of the emulsion 
coating during manufacture and not on the 
edges of plates formed by cutting the larger ones 
which are coated in the works. The defect 
appears to be due to the potassium bromide 


wandering towards the centre, during the 
drying of the emulsion. Thus it does not 
generally occur on films as the margins of the 
film are cut away in course of manufacture. 

The time of development necessary increases 
with the age of the material and the available 
contrast decreases. Colour sensitivity decreases 
unequally ; the red sensitivity is lowered more 
rapidly than the blue sensitivity. 

302. In tropical countries, the hot and humid 
atmosphere tends to produce a rapid change 
in photographic emulsions. Roll-films exported 
to these regions are usually wrapped singly in 
lead foil and packed in air-tight cartridges. It 
would be difficult to give this individual pro- 
tection to flat sensitive materials, which are 
therefore often placed in wooden boxes, lined on 
the inside with zinc foil, and securely soldered ; 
in this case the protection ceases immediately 
the box is opened. It should be pointed out that 
this type of packing, instead of protecting the 
plates, may accelerate the change if the solder- 
ing is done during very damp weather, owing 
to the fact that the packets have absorbed an 
appreciable quantity of moisture. Some film, 
wrapped in the usual light-tight packing, is 
sealed in airtight foil envelopes, then put in 
boxes; in this case waxed wrappers are not 
necessary. Well-made metal boxes sealed with 
adhesive tape are very serviceable both for the 
transport of unexposed emulsions and for the 
storage of opened packets and exposed plates 
awaiting development. A very efficient method 
of preservation is by means of a strong air- 
tight wooden box (interior and lid lined with a 
layer of zinc), the lid of which is firmly held 
down by bolts or clasps on to a thick layer of 
indiarubber. Desiccation of the box may be 
obtained by using calcium chloride treated in 
the following manner (J. I. Crabtree, 1924): 
pieces of pumice or asbestos are impregnated 
with a saturated solution of calcium chloride, 
and then heated in an oven till dry. Excellent 
results can also be obtained with calcium 
sulphate dried at a temperature not exceeding 
200°C. It has been noticed that too complete 
drying of cinematograph and roll-films increases 
the risk of formation of static markings (§ 247). 
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Well-dried newspapers may be used as a sub- 
stitute, but they must be re-dried every time the 
box is opened. 

303. Handling of Materials. The order of use 
of the materials of each different type should 
be decided by the age of the materii; in this 
manner stale plates and films in stock are 
avoided. 

If the boxes are opened neatly and the black 
paper wrappings kept, they may be used for 
packing and classifying the finished negatives 
or for re-packing the exposed but undeveloped 
plates and film. The instructions should also be 
kept for future reference, in case it should 
be necessary to look up any special directions 
for that particular type of emulsion. 

It is preferable that opened packets should 
only be stored in the darkroom if they are to be 
used without delay; if not, they should be 
placed m stock, having first been secured with 
gummed paper, or at least with a strong rubber 
band. It is an advantage to seal up the box 
with a label indicating the number of unexposed 
jdates or fdms and the date on which the box 
was opened. 

In an opened packet do not allow the emulsion 
surface to be placed in contact with any paper, 
other than the original interleaving sheets. 
Although certain specially-prepared or treated 
papers, such as those used in roll-films, film 
packs, or as interleaving sheets, are without 
effect on the emulsion, it is often found that 
after prolonged contact with an ordinary paper, 
the structure of the paper appears on the 
image after development. 

304. Loading Plate Holders. Plate holders or 
dark slides should always be loaded in a room 
illuminated only by light of suitable colour and 
intensity, as recommended by the manufacturer, 
for the particular emulsion being handled. It is 
desirable to practise filling the plate holders 
first in full daylight, using waste negatives 
for this purpose, and then, having become 
familiar with the oj)eration, to get accustomed 
to working in complete darkness. When a 
darkroom is not available dark slides or plate 
holders may be loaded in full daylight by using 
a changing bag. This is a bag made of some 
opaque fabric provided with two sleeves, 
through which the arms are inserted. The 
ends of these sleeves are held tightly in place 
on the arms by elastic bands, and the sleeves 
of the coat are turned down over them to form 
light-tight shields. An opening, closed by two 
flaps of fabric held by snap-fasteners, enables 


the operator to insert the plate holders, the box 
of plates, and an empty box for the exposed 
plates, when these are too large to be inserted 
through the sleeves of the changing bag. When 
absolutely necessary, and provided that a dark 
place can be found, plate holders may be loaded 
under an overcoat, the arms being inserted 
through the sleeves from the wrists. 

Sensitive materials should always be held by 
the edges. The fingers should never come in 
contact with more than the minimum width 
around the edges of either surface of the mate- 
rial. Wherever the fingers touch the emulsion, 
even when they seem quite clean and dry, a 
minute quantity of greasy matter is deposited on 
the gelatine. This prevents the developer from 
penetrating the emulsion, and produces a light 
finger-mark on a dark ground in the developed 
image. Similar marks are sometimes found on a 
plate or film which has been packed with its 
sensitive surface in contact with the back of a 
plate on which there are finger-marks. For this 
reason, when plates are re-packed after exposure, 
they should always be placed face to face. Dark 
finger-marks on a light ground are the result 
of the emulsion having been touched by fingers 
impregnated with various chemicals, in parti- 
cular sodium thiosulphate (hypo). 

In order to use cut-film in plateholders it is 
possible, in small and medium sizes, to slip 
the film into a film holder securing it on three 
sides which will then fit into the plate holder. 
This arrangement does not ensure the necessary 
flatness with films of large and very large sizes. 
These ma\' be held with the back in contact 
with a rigid support, e.g. glass or sheet metal 
coated with an adhesive varnish containing 
vinyl resins (M. Hagedom and A. Jung, 193^) 
or rubber. If required, the film can be left on 
this support during development and further 
processing. The use of a blackened support can, 
in some measure, act as an antihalation protec- 
tive. 

Except in special cases, the sensitive surface 
of a plate or film should always be turned 
towards the outside when loading a dark slide. 
Dufaycolor and similiar materials are, of ^urse, 
exceptions, as are also plates intentionally 
reversed in the plate holder for the purpose of 
obtaining reversed negatives. In such cases 
when focusing it is necessary to adjust the camera 
extension to allow for the thickness of the glass. 

Although plates are always packed in a 
uniform manner, uncertainty may occasion^y 
arise with regard to Whidi is the sensitive side. 



204 


PHOTOGRAPHY; THEORY AND PRACTICE 


In order to ascertain this, a comer may be 
touched cautiously, care being taken to touch 
the surface as near the edge as possible. The 
glass is smoother and feels colder than the 
emulsion. If still in doubt, moisten the thumb 
and first finger slightly and hold the comer of 
the plate between them. The sensitive emulsion 
will stick to the finger ; the glass will not. In the 
case of materials with an antihalation backing, 
which has a gelatine base, the difference will 
not be so marked but the emulsion side will 
stick more firmly than the backing side. When 
using sheet film, the emulsion side can be 
identified by the notched which the manufacturer 
makes in one edge of the material. The emulsion 
side is facing the operator when the notch, or 
notches, can be felt on the right-hand side of the 
top edge with the longer dimension held vertical. 
These notches also indicate the type of emulsion 
by their number and position, but as different 
manufacturers' codes vary, the relevant maker's 
data sheet should be consulted. 

Before loading is begun, the plate holders, 
which retain dust very easily, should be carefully 
cleaned. 

The different types of plate holders vary 
considerably in the method of loading, so that 
in each case the instmctions of the maker or 
the dealer should be consulted. 

Often, when fitting a plate with sharp edges 
into a plate holder or metal dark slide, small 
pieces of glass are broken off. Loading should 
therefore never be carried out over the open 
box, or over plate holders which have alre^y 
been loaded. When plate holders have been 
loaded, they should he protected from bright 
light and dust until used. The fact that roll- 
film spools may be loaded in daylight does not 
imply that it is advisable for this purpose to 
choose a. well lighted place, still less a place 
where direct sunlight may readi the film. The 
paper wrapper should on no account be allow^ 
^ to unroll loosely so that the light can penetrate 
' into the sensitive surface. \^en loading film 
padcs, care should be taken to avoid pressing 
the black ^per slide or squeeeing the pack from 
opposite sides, for, owing to this flexibility of 
the case, light may easily enter. 

305. Dusting the Sensitive Surfaces. With 
very few exceptions, the emulsion surface of 
plates and fito is perfectly clean when pur- 
diased, for every pr^ution has been taken to 
this e^ in the factory, where the stn^le 
against dust is often carrM to greater extremes 
than in many surgical oposUing theatres, 


since only filtered air is allowed to enter the 
factory. 

After development, however, a number of 
white spots (pinholes) are often found on the 
negative, each of which marks the shadow of a 
grain of dust which was present before exposure. 
In professional work these markings have to be 
carefully spotted out. 

These dust particles are more frequently found 
on very fast plates, the surface of which is more 
mat than that of the slow emulsions and there- 
fore much more liable to retain any dust which 
comes into contact with it. 

The doubtful cleanliness of some darkrooms, 
the use of fluffy paper for packing plates, chips 
of varnish, the fragments of glass produced 
in the loading of the dark slide or plate holder, 
explain the presence of these dust particles, 
which are rarely found on roU-films. 

Attempts are often made to prevent these 
pinholes from forming by dusting the face of 
the plate before its insertion into the dark slide 
or sheath. These precautions, however, often 
make matters worse, especially if a hair brush 
or a velvet pad, which has been left lying about 
the room and is consequently full of dust, is 
used for the dusting. 

The most effective method for preventing 
pinholes is to clean the darkroom and the plate 
holders very frequently, preferably with a 
vacuum cleaner, and alw to follow closely the 
instructions given above for the loading of 
the plates. Vhiere it is not possible to get rid 
of dust in this way, then a brush should be used, 
but it should be kept in a smooth-walled box 
when not in use and should be frequently 
cleaned by shaking and washing in alcohol. For 
detaching the dust which has adhered to plates 
during the loading of a plate holder or varnished 
metal dark slide, it is often sufficient to rsq) the 
holders smartly on the taUe. 

In any case, replace the slide of the holder 
very gently, holding the dark slide with the 
plate underneath, so that any dust on it is able 
to fall away. 

306. Unloading the Dark Slides. If the films 
CH* plates are not develop^ immediately after 
removal from the dark slides, they should be 
replaced in their original wrappings wirii 
suitable spacers or interleaving sheets of paper. 
Remember that the use of all common pa^m, 
with or without writing or printing, is liable to 
cause various defects (§ 303). The boxes should 
b6 sealed and clearly mark^ to indicate exposed 
plates. 
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If, however, development is carried out in 
vertical tanks with hangers, the handling of 
the sensitive materials can be reduced to a 
minimum if they are transferred to the hangers 
on removal from the dark slides. The loaded 
hangers can then be stored in a suitable light- 
tight box pending development. 

In tropical regions, particularly if films are 
being used, the sensitive materials should be 
dried before repacking in order to prevent 
regression (i.e. fading) of the latent image, a 
phenomenon caused by the simultaneous action 
of heat and moisture. For this purpose the 
sensitive materials (long rolls of film should 
be wound into loose spirals) should be placed in 
an air-tight box with suitable drying arrange- 
ments as mentioned earlier in this chapter. 
After leaving them for a day in this dry atmos- 
phere the sensitive materials may then be 
repacked, and the packets, which have been 
dried also, are then enclosed in soldered or air- 
tight boxes. 

When unloading darkslides or the sheaths of 
a changing-box, avoid any contact with the 
emulsion surface. 

In some cases when the air was exceptionally 
dry, it was noted when unloading the sheaths of 
a changing-box that a bluish light occurred at 
the moment that the bare glass back of the 
plate parted from the markedly arched back 
of the sheath, the light being the brighter the 
more rapidly the plate was pulled out of its 
sheath. Starting from the edge where the elec- 
trical discharge began, these plates had a shaded 
fog extending for a distance of 4 cm. (J. Boillot, 

1933). 

307. Identification of Negatives. In all cases 
where a large number of negatives are dealt 
with, or where it is required to determine the 
effect of certain alterations in treatment on a 
number of negatives of the same subject, it is 
necessary to adopt an infallible scheme of 
identification. 

The simplest method is to write a number 
with a soft pencil in one of the comers 
of the plate, taking care not to encroach 
on the picture area of the plate. Never use 
copying ink pencils, otherwise the inscriptions 


may either become discoloured during the 
various treatments or may spread on to the 
image. If the inscription can ^ made during 
loading (where there are only a few negatives to 
identify) the pencil mark protects the emulsion 
from the action of light, so that after develop- 
ment the number appears light on a dark 
ground, even after the original pencil mark has 
been removed. If the inscription cannot be 
made until after the exposure, the number cor- 
responding to the customer’s order (in portrait 
studios and businesses catering for amateurs) or 
similar inscriptions should be made with a 
semi-hard pencil so as to scratch the gelatine. 

Various arrangements have been devised 
which will give each negative a permanent or 
provisional number more or less automatically, 
viz. (i) in a portrait studio, a number plate or 
a slate, with the number corresponding to the 
customer's order written upon it in chalk, can 
be placed in such a position that the image will 
appear in one of the corners of the negative; 
(2) one of the fixed holding pieces in each dark 
slide may be replaced by a metal plate perfor- 
ated with the required figures. In X-radiographs 
it is usual to place opaque (lead) letters in the 
path of the X-rays, so that the lettering appears 
light against the dark background. 

Special clips for development may be obtained, 
the tops of which are made to receive a numbered 
card. In many developing and printing firms 
the small length of film which extends beyond 
the last exposure is used to record photo- 
graphically the number of the order. The 
numbered receipt, made of very thin paper, is 
inserted, together with the end of the film, into 
a specially constructed printer, in which they 
are pressed tightly together by a shutter whiclfi 
automatically turns on the light used for the 
exposure as it is brought into position. The 
number may also be impressed pn the film in 
greasy ink by means of a numbering machine. 
Finally, the method usually employed in cine- 
matbgraphy could be employed, the films and 
order form being perforated wth the required 
number by means of a machine similar to that 
used in banks for indicating the amount of a 
cheque. 



CHAPTER XXIV 
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308. Daylight. Daylight is not only of a very 
variable intensity, according to the geographic^ 
position, the season, time of day, and the 
atmospheric conditions, but its composition also 
varies over very wide limits, although it is 
always conventionally called " white light/* 

V/hen referring to daylight, it is necessary to 
distinguish between direct sunlight and the 
light diffused by the blue or clouded sky. 

On a clear day, the light consists almost 
exclusively of direct sunlight. A comparison 
of the intensity of illumination of a white surface 
exposed to ^rect sunlight and of a shadow 
thrown on this surface, in which case the 
shadow is illuminated only by the light diffused 
from the sky, shows that diffused light repre- 
sents only about 5 per cent of the total light. 
This proportion increases as the sky becomes 
more clouded, until, when it is completely 
overcast, there is nothing but diffused light. 
Setting aside the effect of contrast, shadows are 
better lighted as the sky becomes less clear, that 
is, as the diffused Ught increases. In fact, the 
brightness of the sky at first increases with the 
cloudiness and, in the case of large sunlit 
cumulus, can be as much as eight times that 
of ordinary blue sky. If, however, the sky 
becomes so cloudy that rain is imminent, then 
the brightness diminishes, being approximately 
equi^l to that of blue sky. 

309. Leaving aside for a moment the effect 
of atmospheric conditions, the intensity of 
sunlight depends essentially on the height of the 
sun above the horizon. Thus, in two widely 
sepmted places (a tropical and a temperate 
re^dn), the light will have the same value at 
times the height of s\m above the 
horizon is the same. Thus, at Algiers on 15th 
January or ist December, at g.zoa.m. or 
2.40 p.m. (local time), the intensity of sunlight 
will he the same as in Paris on the same days at 
zi.3oa.m. and at 12.30 p.m., or on 15th June 
at 6.20 a.m. and 5.40 p.m., for in all these cases 
the sun is 20** above the horizon. 

There is no evidence of any appreciable 
variation in the colour quality of daylight 
throughout the day (£. W. A. Selwyn and 
F. H. G. Pitt, 1938). But at the extreme ends 
of the day the transmission of the light through 


the earth’s atmosphere at low altitudes is liable 
to give rise to red sunrises and sunsets. To 
these may also be added the effect of an unusual 
amount of fog which often colours the sun to 
the same red hue. Apart from these and other 
peculiar atmospheric conditions the quality 
remains fairly constant. Measurements have 
been made in America by G. G. Abbot, (1923) 
and 1 . G. Priest (1920), on which has been based 
the work by R. Davis and K. S. Gibson (1Q31), 
of the National Bureau of Standards. More 
recently measurements have been reported by 
A. H. Taylor and G. P. Kerr {1941), in which 
variations in the spectral quality of daylight 
between the wavelengths of 400 and 700 /n have 
been measured. So far no one in England has 
published any similar work but it is safe to say 
that no great variation would be expected. 

As has already been said, the outer atmosphere 
scatters appreciable quantities of blue sunlight 
on to the earth. Therefore one would expect 
light from the blue of the sky which falls into 
shadows thrown by the sun to cause the shadows 
to be predominantly blue, and this is quite 
noticeable when colour photographs are taken 
in the shadow of large buildings. Normally 
any position on the earth's surface with an 
unrestricted view of the sky receives radiation 
from all angles. When cloud 01 mist intervenes 
the light becomes diffused but as the lighting 
is not obstructed locally in any way there is no 
change in quality of the light reaching the earth's 
surface. 

There have been tendencies to regard the 
blueness of daylight as a variable quantity and 
in fact this was noticeable on non-colour- 
sensitized plates which are sensitive only to 
blue light. On panchromatic plates, however, 
which are sensitive to the whole of the spectrum 
any variations which might occur would be 
considerably masked. 

The intensity of illumination on the earth’s 
surface, i.e. perpendicular to the direction of the 
sun, is about 10,000 ft-candles at its zenith 
on the equator and about 2,000 ft-candles at 
its zenith of latitude 50°. Normally m Europe 
the intensity of light on days when photography 
is popular, i.e. in fine weather, is between 200 
and 1,000 ft-candles. As the weather deteriorates 
206 
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and the sky becomes overcast with rain clouds 
the illumination may drop as low as loft-candles. 
There is also a very large and rapid fall in illumi- 
nation after dark for even the brightest moon- 
light, which is merely reflected sunlight, can 
only rise to about 0-05 ft-candles. In its early 
and late phases moonlight is sufficiently bright 
to allow certain objects to be recognised at 
0 001 ft-candles. Below this level we have the 
illumination due to starlight or to the moon 
covered by clouds. The lower limit of human 
night vision lies at about o-oooooi ft-candles. 

Normal room lighting by artificial sources 


offered by the variation in direction of the lighting 
during the passage of the sun across the sky. 

In portrait and still-life photography, various 
means of control are available. A detailed 
description of the arrangements in a portrait 
studio can be readily obtained.^ It may be 
added that at the time photography was first 
practised, when exposures, even in the most 
favourable cases, were counted in minutes, as 
much light as possible was admitted into the 
studios, with entire disregard of light and shade, 
by constructing them entirely of glass. Owing to 
the considerable progress which has been made in 
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65 
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50 

32 

30 

7 

20 

35 

60 

43 
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52 

73 

Mercury arc, glass tubes 
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10 

90 
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probably lies between i and 50 ft-candles 
when reasonably large areas are being illumin- 
ated. Special circumstances, however, often 
require a much greater level of intensity for 
short periods. The methods which are used to 
obtain such conditions are described later. It is 
worth noting at this point, however, that as 
far as taking a photograph is concerned, varia- 
tions in intensity cannot simply be compensated 
for by increasing the time of exposure. If such 
compensation were possible, it would indicate a 
reciprocity of time and intensity for the photo- 
graphic emulsion, whereas in fact the majority of 
the high-speed photographic emulsions show a 
reciprocity of time and intensity over only a 
limited range. Below a certain level of intensity 
there is a failure of the reciprocity law and 
compensation must be made for this loss. Where 
the exposure time is longer than a few seconds 
it may be necessary to increase the exposure 
by as much as 50 per cent for each stop difference 
in intensity (§ 208). 

310. In landsca^ photography the lighting 
depends on the position of the sun and therefore 
the photographer has only the possibilities 


the manufacture of sensitive materials and photo- 
graphic lenses, such studios are now obsolete. 

31 1. Artificial Light Sources. The three fac- 
tors to be considered in an artificial lighting 
installation for photography are quantity, 
colour and the degree of diffusion. There is also 
the economic side of the use of artificial light to 
be considered, the cost of the equipment, 
lamp replacements and cost of electricity used. 

Colour depends essentially on the nature of 
the illuminant. Compared with ^sunlight there 
is always a predominance in artificial (tungsten) 
light of infra-red and red, the extent of the 
spectrum and its intensity in blue-violet and 
especially in ultra-violet being all the less, as 
the temperature of the incandescent body 
becomes lower. In order to give a higher 
effective speed, some panchromatic materials 
have been made in the past with extra red 
sensitivity. This is a more effective use of the 
larger proportion of red light given out by 
incandescent lamps. 

The table on this page, the data of which have 

‘ Herbert Lambert, Portrait Lighting (Sir 

Isaac Pitman A Sons. Ltd., 19^). 


X 3 — (G.3630) 
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been taken from various papers by Hubl, Ives. 
Jones, Hodgson, and Huse (IQ13 to 191b), shows 
the approximate compositions of various light- 
sources relative to sunlight, whicli is taken as 
the standard for comparison (on the assumption 
that sunlight may be divided into three equal 
parts of red, green, and blue- violet, the partial 
intensities in each case being brought to a 
total of 100). Their relative efficiency towards 
three types of sensitive emulsions is adso pven, 
and for this purpose the value of 100 is arbitrary' 
assigned to sunlight, the efficiency of the other 
sources being measured /or equal visual intensity. 
No account has been taken of ultra-violet 
radiations, even in the region transmitted by 
glass. 

Lamps usually radiate light in all directions, 
so that their efficiency is increased by reflectors 
bringing back to the subject the light emitted in 
other directions. When high-intensity lamps 
are used for living subjects they must be fitted 
with diffusers preventing dazzle. From these 
various points of view the efficiency of a lamp 
can be of very different values according to 
the apparatus in which it is used. 

312. Arc Lamps. The arc lamp was for some 
time the only luminous source from which high 
intensities could be obtained. When used for 
the lighting of photographic subjects this source 
introduces the defect which is common to all 
point-sources, the shadows are sharp, and the 
rendering is harsh. Diffusers over the lamps 
will overcome this disadvantage. Alternatively 
extra lights near the camera soften shadows 
effectively. 

Since the introduction of mercury arcs, 
and the great improvements which have been 
made in the manufacture of incandescent lamps, 
arc lamps are much less used in general photo- 
graphy but still find employment in motion 
picture and process studios. As these applica- 
tions lie outside the scope of this book, we shall 
not attempt to describe the various types of 
arc lamps. 

313. Incandescent Lamps. The first notable 
use of the incandescent lamp for the illumination 
of sitters and originals to be photographed 
dates from 1913, when 1 . Langmuir first made 
lamps with a tungsten filament enclosed in an 
atmosphere of inert gas. In these gas-filled 
lamps the pressure exerted by the gas retards 
the volatiiization of the metal, making it 
possible for very high temperatures (exce^ing 
2»8oo‘’K) to be reached at which the light emitted 
approximates very closely in composition to 


that of an arc lamp. Studio lamps of from i to 
10 kW are in common use, and the life of these 
lamps is about 100 hours at 3,ioo°K. 

The luminous intensity and photographic 
efficiency of a given lamp increase as the filament 
is heated to a higher temperature, which is 
effected by running the lamp at a higher voltage. 
Such overrunning is limited by the increasingly 
rapid volatilization of the incandescent metal, 
causing rupture at the weakest part of the 
filament. 

The rating adopted for ordinary lamps for 
domestic and public lighting gives them an 
average life of 1,000 hours (which may, however, 
be considerably shortened by variations in the 
supply voltage. Photoflood lamps operating 
at 3,45 o°K, have a short life of two or six hours 
depending on the type. It is good practice to 
use these lamps in twos, in series, up to the 
moment of exposure, when by suitable wiring 
they can bt' switched into a normal parallel 
connexion. This will prolong the life of the 
lamps at no loss of brightness for the actual 
exposure. 

The two-hour type of Photoflood probably 
represents the greatest practical amount of 
overrunning, but several types of photographic 
lamp are also made which arc overrun rather 
less, with a consequent increase in life, and 
lower efficiency. The table below lists these 
lamps together with some others in common 
use — 


Nomitil use ' Wattage* j 


General lighting 
('.eneral lighting 
General ligbliiig 
(Eneral lighting 
Motion pictures 
Motion pictiiroti 
Projectors (Low voltage 
type) . 

Projectors. { 1 10 V) 
Photography 
Photography . 
Photography 


40 

lOU 

500 

1000 

1000 

2000 


10*7 1 
»V3 
H}*(» 
20*7 
M S 
27 5 


SOf) 

lOUl) 

27 S 

500 

1000 


26 3 
U S 
35 '5 
34 o 
310 


Colour 
1 eiaperatiin* 


Useful 

life 


("K) 

2760 

2865 

39(10 

2990 

3030 

3100 


(hours) 

1000 

1000 

1000 

1000 

350 

100 


33ho 

3430 

3425 

J400 


100 

15 

2 

6 

10 


Owing to voltage fluctuations at different 
hours of the day which influence colour temper- 
ature it is a good idea to have a voltmeter 
connected in the lamp circuit. Fig. 24.1 shows 
the general effects on the performance of tung- 
sten filament lamps caused by variation in the 
supply voltage. 

In an installation where all the lamps are 
not used at the same time, they shodd be 
frequently changed round to prevent those 
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which are used most from being worn out. 
Some high-power lamps contain a few grains 
of tungsten which, when shaken, clean the interior 
surface of the bulb. The efficiency of lamps is 
considerably lowered by accumulated dust 
on the bulbs, reflectors, and diffusers. 



Fig. 24.1. Light Output, Efficiency, Current 
Consumption and Life of a 230-V Tungsten 
Lamp as Functions of the Supply Voltage 

As will be seen from Fig 24.1 the intensity, 
and efficiency of a lamp in lumens per watt 
vary with the current and voltage of the supply. 
These are never very constant and for climatic 
and other reasons they develop quite big varia- 
tions. A voltmeter will at least give a warning of 
such variations even if they are not controllable 
by a series resistance, etc. The useful light out- 
put, of course, varies with the colour tempera- 
ture and depends on the sensitization of the 
photographic emulsion. It is necessary, in 
fact essential, to maintain the colour tempera- 
ture constant when colour film is being exposed. 
For black-and-white emulsions, particularly 
panchromatic, it is not usually possible to 
notice changes in colour temperature unless 
there are differences of several hundred degrees. 

Reduction of voltage deliberately as a means 
of controlling the photographic intensity and 
exposure has been investigated by C. Tuttle 
(1937), who determined the relationship — 

A = (K - R)lm where A is the actinic 
intensity, K and m are constants of the lamp, 
about 2*3 and ii‘5 respectively for a 500-watt 
iio-volt lamp and R is the series resistance. 

It is only necessary to determine the actual 
ratio of brightn^ at two values of R in order to 
calculate the constants K and m which can then 
be used in the equation to calculate other 
values of A, 

3x4. With the increasing use of colour film, 


the professional photographer finds it essential 
to have close control over the colour tempera- 
ture of the lamps. Reputable lamp manufac- 
turers can be relied upon to produce lamps 
within ± 5 o®K of the value for which the colour 
film has been designed. This value is 3,i5o°K 
for the professional types of film to be used in 
the studio, and about 345o°K for amateur use 
with photoflood lamps, etc. Age and supply 
voltage variations affect the colour temperature 
of these lamps which may in turn be compen- 
sated for by a colour-filter over individual 
lamps or a filter over the camera lens (§ 5). 

315. Mercury-vapour Lamps. These lamps 
were invented in igoi by P. C. Hewitt, and 
could only be used at first with direct current ; 
they could not be started from a distance, 
because they had to be tilted in order to strike 
the arc. Owing to the many improvements 
which have been made in their manufacture, 
special lamps can now be supplied, which run 
on alternating current and are lighted merely 
by closing a switch. 

The light from a mercury-discharge lamp is 
almost entirely from spectral emission of yellow, 
green, blue, and violet lines. The complete 




Fig. 24.2. Spectra of a Mercury and a 
Mercury-Cadmium Discharge Lamp 

absence of red light is a great handicap for 
faithful reproduction in either monochrome or 
colour. 

During the last ten years (H. K. Bourne, 19^) 
there have been great advances in the re-design 
of discharge sources to include cadmium in the 
discharge and now it seems that the^ lamps 
may yet rival the' improved high -intensity 
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carbon arc lamps and tungsten lamps with 
advantages of efficiency and economy. 

The Cooper-Hewitt lamp was rated at 250 
watts. It was one inch wide and four feet long 
with a mercury pool at one end and an electrode 
chamber at the other. The arc loading was 
therefore about two watts per cm. The bulb 
temperature was only ioo°C with a pressure of 
I mm of mercury and an arc voltage of 70 volts. 
It was very rich in ultra-violet light and had a 
luminous efficiency of 15 lumens per watt. 
Higher pressure produced higher efficiencies. 
From experiments on these lamps it became 
obvious that high pressures, high temperatures, 
and high arc loading would give even higher 
efficiencies. The difficulties were to produce 
glasses and seals which would withstand the 
strain of the conditions imposed. The type MA 
high-pressure mercury vapour lamp, which was 
the outcome of the early Cooper-Hewitt tubes, 
was made to have an operating pressure of i 
atmosphere (760 mm mercury) a temperature of 
at least and an efficiency of 40 to 60 

lumens per watt. The arc loading was now 
20-30 watts per cm and the voltage gradient 
between 5 and 10 volts per cm. The life of 
the lamp was about 3,000 hours. A hard glass 
tube was used. 

To make lamps of higher efficiency it was 
necessary to develop tubes which would work 
at higher pressures and temperatures. 

The maximum possible loading of air-cooled 
mercury arcs is about 50 watts per cm. In- 
creased loading needs extra cooling by forced air 
draughts or water. The arc is contained in a 
quartz tube into which are sealed tungsten 
wire and glass beads. This tube is then mounted 
in a water jacket consisting of two concentric 
glass cylinders one of which is supported at 
one end only. The velocity of water is necessarily 
hi^ to avoid boiling and the clearance is there- 
fore made small. The water flow is about 
3/4 gal per min (3*5 litres per min). The arc 
loading of the i ,000- watt lamps is about 
400 watts per cm, and the pressure is about 
75 atmospheres. The life, is usually some 100 
hours, with a decay of the order of 30 per cent in 
brightness. The horizontal brightness is 3,000 
c.p. and the width is i mm with a brightness of 
25,000 candles/cm‘. The length of the arc is 
25 mm. The red content of the light emitted 
by the lamp is about 6 per cent. 

3x6. Fhioresoait Lamps. The lack of red in 
the line spectra of mercury has been compensated 
hr by various methods ; one of these is the use 


of phosphorescent powders. The well-known 
domestic and industrial fluorescent lamps 
consist of a tube 5 ft long and about ij in. in 
diameter in which a low pressure discharge is 
formed consuming 80 watts. The inner walls 
are coated with mixtures of phosphors to trans- 
form the energy from the mercury resonance 
line at 254 m^u into visible light. The visible 
blue-green and yellow mercury lines are still 
transmitted through the powder and glass 
envelope. The great advantage of these lamps is 
that their colour temperature is constant. 

The brightness is dependent on supply 
voltage, but the colour temperature is dependeni 
only on the phosphors. There is no appreciable 
change in colour with life. Over the first hundred 
hours there is a drop in efficiency to the rated 
value. The operating temperature is 40°C, and 
variations in this, particularly if it is excep- 
tionally cold, will affect the efficiency. This 
latter effect is due to the low pressure and arc 
loading, which are sensitive to changes in 
conducted heat effects. 

In Great Britain there are two types of 80-watt 
tube. The "Daylight" type has a colour 
temperature of about 4,8oo“K (almost C. I. E. 
Illuminant B), and tlie "Warm-White" type 
is rather on the magenta side of a colour tempera- 
ture of 3,700°K. The efficiency of these lamps is 
between 35 and 45 lumens per watt depending 
on colour and wattage. 

317. Flashbulbs. There has always been a 
need for an easily carried source of light, of 
sufficient power for reasonably short exposures. 
In the earlier days of photography this need 
was filled by magnesium metal which was used 
either alone in the form of ribbon, or as a pow- 
der combined with potassium perchlorate. Flash- 
powders containing other metals such as cerium, 
thorium, and zirconium have also been used, 
but all of them suffered from the grave disadvan- 
tage that the combustion of these inflammable 
materials was dangerous and very likely to 
produce considerable amounts of smoke and 
chemical dust. 

It was a logical step to attempt to enclose the 
burning material so as to overcome these dis- 
advantages, and a simple type of lamp contain- 
ing a flash powder was designed in 1925 by P. 
Vierkotter. In 1929 J. B. Ostermeier replaced 
the powder in a bulb by aluminium foil in 
oxygen at a reduced pressure (z/4 atmosphere). 
Tlus lamp set the style for manufacturers for 
several years and further types with minor 
variations (such as wire in place of foil) to suit 
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particular needs, appeared. The most recent 
type of lamp which is generally called the Speed 
Midget or Speed Flash type contains no foil or 
wire, but uses a paste coated on the lead-in 
wires. This enables a much smaller bulb to be 
used. 

318. The Source of Power. Whether the flash 
is produced by foil, wire, or paste, the material 
is ignited from a dry cell of the type used in 
pocket torches. Some of the larger bulbs can, 
however, be fired from the mains supply if so 
desired, and if intended for this will have fuses 
incorporated in the cap. However, since one of 
the principal advantages of flashbulbs is the 
independence of mains supply which they give 
the photographer, the dry cell is a more generally 
used source of current. The voltage generally 
needed to lire a flash bulb is of the order of 3, 
and two unit cells of the type known as U.2 are 
most commonly used (Type D in the U.S.A.). 
The necessary current is about 0-3 amperes tor 
each lamp, and the ability of a dry cell to deliver 
this current depends on its freshness and the 
reliability of the maker. The variation in 
current which a cell can supply is of some 
importance since it can affect the exact timing 
of the flash. It is as well to ensure that the 
cells are fresh enough to give satisfactory results 
by testing them with an ammeter. On connexion 
directly across the cell the ammeter should give 
a reading of at least 2 amperes. This reading 
will drop very rapidly if the ammeter is left 
connected, since the meter represents almost 
a dead short circuit, and so the meter should be 
connected only for a few seconds. So long as 
the instantaneous current reaches the above 
value the cell can be considered satisfactory. 

The current provided by the cells is used, 
when the circuit is completed, to heat a small 
filament in the bulb. This filament is of a similar 
type to that in an ordinary torch bulb. The 
filament ignites a combustible paste coated 
round it, which in turn ignites the foil or wire 
with which the bulb is filled. 

A number of modern flash guns comprise an 
electric condenser, which is charged by a rela- 
tively weak battery and discharged through the 
bulb on firing. These “capacitor flash guns” 
are more reliable since even a battery in poor 
condition, which may be unable to fire a bulb, 
is capable of charging a battery. 

319. Bulb Characteristics. The exact duration 
of the flash, and the time it takes to build up 
to a maximum intensity depends on the filling. 
The total effective duration of the flash of a 


Speed Midget bulb is about 1/200 sec, (more 
conveniently stated as 5 milliseconds). The 
delay between the time the circuit to the battery 
is made and when the amount of light from the 
bulb reaches an effective quantity is also, with 
this type of bulb, 5 milliseconds. 

When a long flash is needed, for example 



Fig. 24 3. Time/Lk.ht-output Curve of 
Midget Paste-typi. Flash Bulb 


(C.F C. .SM.) 

when using a camera with a focal-plane shutter 
(§ 142) a foil-filled bulb is generally used. For 
general use, flashbulbs an' filled with aluminium 
wire or shredded foil which has similar charac- 
teristics. 



Fig. 24.4. Time/Light-output Curve of a 
Midget Shredded Foil-filled Flash Bulb 
(B.T.H. No. 5.) 

Information on the amount of light given out 
and the total duration of the flash is most 
conveniently shown in the form of a graph. 
The usual form which this takes is shown in 
Figs. 24.3 to 24.6 in which the time from 



Time in mlliueoi^ 

* Fig. 24.3. Time/Light-output Curve of a 
Midget Wire-filled Flash Bulb 
(P hUips P.F. 14.) 

completion of the circuit {measured in milli- 
seconds) is plotted horizontally and the light 
output (in millions of lumens) is plotted verti- 
cally. The four graphs have been chosen to 
show the widely differing characteristics of four 
representative bulbs. Fig. 24.3 shows the short 
delay, brief period of brightness, and small 
light output of the paste-type midget bulb. Two 
bulbs suitable for genei^ use are shown at 
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Figs. 24.4 and 24.5. The first of these is a 
shredded-foil type, the second a wire-filled. 
Fig. 24.6’ shows the extended peak needed for a 
bulb designed to be used with a focal-plane 
shutter. 

The amount of light given by a flash- 
bulb is usually given in lumens (§ 12). and the 
product of this figure and the total time of the 
flash in seconds is frequently quoted by the 



Fig 24.6. Time /Light-output Curve of Large 
Shredded Foil-filled Flash Bulb 

(G.E.C. No, aa) 


manufacturers as the total light output in lumen- 
seconds. These figures enable two bulbs to be 
compared directly only if they are to be used 
with the camera shutter open for the whole 
period of the flash. 

Another figure which is sometimes quoted is 
the duration above half -peak of the flash. This 
represents the useful exposure time if the flash 
is used with camera shutter open. 

The delay is for the most part standardised 
at 20 milliseconds with the exception of midget 
types and some of the very large bulbs. 

A useful application of the inverse square law 
(§11) combined with the fact that the brightness 
of the image varies inversely as the square of the 
/ number {§ makes the estimating of correct 
exposure with flashbulbs a simple matter. 
Precision manufacture of bulbs results in an 
accurate control of the amount of light which any 
bulb will give and it is sufficient and satisfactoxy 
to assign a particular type of bulb a Guiae 
Number. Manufacturers issue a table of guide 
numbers for their bulbs for various film speeds 
and shutter speeds. The correct aperture to 


give correctly exposed negatives is found by 
dividing the guide number by the lamp-to- 
subject distance. It is preferable for the 
photographer to check and perhaps modify, 
by means of a few tests, the guide numbers of 
the bulbs he will use, when used with his own 
equipment. Individual reflectors vary in their 
efficiency as do shutters, but once one guide 
number has been checked, all others will be in 
proportion and no further tests need be made. 

320. Synchronizers. Paste-type bulbs give 
an equivalent exposure time of 1/200 sec, and 
have a delay (5 millisec) which corresponds to 
the opening time of most inter-lens shutters. 
These bulbs are designed to be used mainly on 
cheap cameras which have shutters fitted with 
simple electrical contracts. (This does not, of 
course, prevent their use with any camera with 
the shutter set for a brief time exposure.) The 
short total time of the flash enables any normal 
movement to be satisfactorily stopped, whilst 
the amount of light they give is sufficient to 
enable a small aperture to be used, and any other 
lighting will not record. 

When it is necessary to use an exposure time 
of 1/25 sec or shorter with normal wire or foil 
filled bulbs some sort of a synchronizer \s needed to 
ensure the opening of the shutter at the same 
time as the peak intensity of the lamp. 

The synchronizers available can be divided 
into three types — 

(i) Simultaneous-release synchronizers. 

(ii) Mechanical synchronizers. 

(iii) Electro-magnetic synchronizers. 

321. Simultaneous-release Sjmehronizers. 

These are designed for paste-type bulbs, and 
enable them to be used on any camera, even 
if it has not an interndly synchronized shutter. 
As their name suggests they make the electrical 
contact for the bulb at the same instant as the 
shutter is released. In essence a simultaneous- 
release synchronizer is a cable release containing 
a switch to complete the flashbidb circuit. They 
can be simply s)mchronized without waste of 
bulbs, but can only be used with shutter speeds 
of 1/25 or 1/50 sec. 

322. Mechanical SynchronizerB. This type 
replaces the finger of the photographer on the 
shutter release, by the power of a spring. There 
are several variations of this type of synchron- 
izer, but essentially they are sinffiar, in that the 
spring is wound by hand and hdd by the release. 
When the release is pressed the spring operates 
the shutter release and at some pcmit in its 
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travel makes the contact for the flashbulb. 
The point at which the contact is made is 
generally adjustable to enable synchronization 
to be set at will. 

Synchronizers of this type enable the photo- 
grapher to use high shutter speeds and ensure 
that the shutter is catching the peak of the bulb. 

323. Electro-magnetic Synchronizers. An 
electro-magnet connected in series with the 
battery and the flashbulb is used in this type of 
synchronizer. The magnet is firmly mounted 
on the lens board of the camera and when 
energized operates the shutter release. The 
magnet is adjustable for synchronization. The 
only disadvantage of this system is the fact 
that the magnet will need quite a large current 
to operate efficiently. The minimum number 
of unit cells (U.2 or Type D.) wliich can be 
used for this type of equipment is three, con- 
nected in parallel, since an instantaneous current 
of about 7 amperes is needed. 

324. Synchronizer Adjustment. All manufac- 
turers of synchronizers send them correctly 
adjusted but at times it may be necessary to 
readjust the mechanism. Without the proper 
equipment this is a difficult job and one not 
to be lightly undertaken. In the U.S.A. several 
manufacturers make accessories which simplify 
the synchronization of a flashgun, such as the 
Synchroscope made by Kalart, which needs 
the expenditure of no film or bulbs. 

Perhaps the most direct way to check syn- 
chronization, although it is somewhat expensive 
in bulbs, is to photograph the bulb itself, either 
in a mirror, or on an extension cord. This can 
be done on film, using a very deep filter, or on 
bromide paper placed in the camera. In either 
case a small stop and a high shutter speed must 
be used if the negatives are not to be hopelessly 
over-exposed. 

If the S5mchronizer is properly adjusted the 
negative should show the bulb completely 
filled with burning material. 

With the aid of photo-electric cells and either 
a cathode ray oscilloscope or a ballistic galvano- 
meter it is possible to check the output of a 
flashbulb, measure the delay and check the 
synchronization (J. A. M. van Liempt and J. A. 
de Vriena 1935-7). However, these methods 
belong more to the laboratory or factory than 
to the darkrooip. 

325. Electronic Flash. Flashbulbs have 
recently {1942-46) been introduced which are 
capable of repeated flashing. The principle 
employed in these so called eUdronic speed flash 


tubes is different from that used in ordinary 
flashbulbs. 

When a glass or quartz tube is exhausted to a 
near vacuum and small quantities of rare gases 
such as krypton or xenon introduced, it is 
possible to cause a glow discharge between two 
electrodes at the ends of the tube. This pheno- 
menon has already been explained (§ 9) but in 
the case of electronic flash tubes the voltage 
across the two electrode.s is high and of short 
duration. This produces a very brief (1/5,000 to 
1/10,000 sec) flash which is of high intensity. 
The bulb itself consists of a spiral tube of quartz 
in which the flash proper takes place. The tube 
is contained within an outer glass envelope of 
similar shape to a small radio tube. The load- 
ing of the tube makes it essential that quartz be 
used, and even so, were the tube to be used 
continuously instead of for repeated short 
flashes, its life would be of the order of half a 
second. Normally used the tube is good for 
some 5,000 or more flashes. The colour of 
the light given by these tubes, as would be 
expected, is dependent on the gases used, and 
in commercial tubes approximates very well to 
daylight. Experimental flash tubes with suit- 
able electric sets have been made to give 
exposure times as short as i /isec (1/1,000,000 
sec) or to give rapidly repeating flashes for 
stroboscopic work (Edgerton, 1931). 

326. The Light Ou^ut. The amount of light 
given by an electronic flash tube is not quoted 
in the same way as that given for normal 
flashbulbs, but in terms of the electrical power 
expended in producing the flash. This is usually 
given in England in joules but in the U.S.A. in 
watt-seconds. The two units are equal and inter- 
changeable. An average tube is rated at 100 
joules, but some portable outfits are rated at 
60 joules, and there are studio models in use 
rated at 500 and 1,000 joules. , 

327. Power Supply. The voltage needed to 
produce the glow discharge in these flash tubes 
is of the order of 2,000 and special power packs 
are required to provide this. For portable 
outfits the original voltage is provided by a 
small 6-volt accumulator (a dry battery model 
is now (1950) on the market in England). Thq 
voltage from this source is applied to the pri- 
mary of a transformer with a make-and-break 
con in series, since a transformer will only 
work with an alternating current or interrupted 
direct current. 

The transformer provides the necessary high 
voltage, which must be again converted to 



214 


PHOTOGRAPHY: THEORY AND PRACTICE 


direct current by a rectifier, to charge a con- 
denser. The condenser stores the energy 
provided by the battery and other components of 
the circuit until the synchronizer (which may 
be of simple mechanical design) completes the 
circuit to the tube. 

The design of a studio outfit is somewhat 
simpler since a supply of alternating current is 
usi^ly available which renders the large 
capacity accumulator and make-and-break cir- 
cuit unnecessary. 

From the above description it will be seen that 
the power pack necessarily rather bulky 
(although much has been done to make the 
weight of portable outfits reasonable), and 
expensive. The high voltages used render it 
essential that the pack and all leads be well 
insulated. The power pack should not be in- 
vestigated by the unwary, since the condenser 
is capable of producing serious electric shock 
even some time after charging and even after 
it has lost the major part of its charge to the 
flash tube. 

328. Electronic Flash in Practice. The very 
short time of the electronic flash makes it an 
invaluable light .source for many types of work 


and in general this type of lamp can be used for 
any purpose for which the normal flashbulb is 
used. The advantage of repeated flashes from 
one bulb, and the consequent saving on the cost 
of wire- or foil-filled bulbs is somewhat offset 
by the initial high cost of both tubes and power 
pack. It should be realized also that the total 
light output of the tubes used in portable 
outfits at least (about 10,000 lumen-seconds) is 
less than most wire- and foil-filled flash bulbs, 
but it is at least twice as much as the paste 
type. However, the studio type electronic 
flash sets provide enough light for excellent 
colour photographs to be made on the 
materials at present available, with exposure 
times so short as to be impossible by any 
other method. 

Owing to reciprocity law failure (§ 205) 
negatives exposed by electronic flash tubes 
tend to lack contrast, and so it is advisable 
to prolong the development. One well-known 
manufacturer recommends an increase in time 
of development of 50 per cent above normal. 
This, of course, leads to an increase in the level 
of fog, and it may be preferable to use a negative 
material of higher contrast. 
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329. Focusing. In all cameras fitted with a 
ground-glass screen, the focusing will be done by 
visual examination whenever a fixed support is 
available. The image formed by the lens on the 
ground glass is examined, while both the distance 
of the lens from the screen and the aperture are 
varied until the image is of the desired quality. 
It is worth bearing in mind that with lenses 
possessing spherical aberration, a variation in 
the size of the aperture causes a displacement of 
the position of best focus. 

A plastic effect is sometimes seen in the image 
formed on the ground glass by a lens the effec- 
tive diameter of which approximates to the 
separation between the eyes. This is explained 
by the fact that the light is diffused by the 
ground glass with a maximum intensity in a 
direction corresponding to that of the incident 
beam, so that each eye sees the image formed 
by a different marginal part of the lens (§ 61). 
The position of sharp focus obtained visually has 
to be corrected when using non-achromatic 
lenses (§100), or for infra-red photography 
(§ 237)- 

If the ground glass is not too coarse, the 
sharpness can be judged much more easily with 
the help of a focusing magnifier (magnification of 
from 2 to 4 times), which is held against the 
screen in a sliding mount. This allows the lens 
to be set so as to give the best possible definition 
of the ground glass, or of any engraved or 
pencilled marks on its surface. 

With the ordinary type of focusing magnifier 
the edges of the field cannot be examined at the 
oblique incidence necessary to obtain a well 
illuminated image. This difficulty can often be 
overcome by cutting away an oblique section 
of the tube of the magnifier, so that the lens can 
then be placed normally or obliquely against 
the glass, as necessary. 

^^en using a camera of the type in which 
the moving part can be locked after focusing by 
means of a nut concentric with the knurled head 
controlling the rack-extension, it is always ad- 
visable to make sure that the focus has not been 
accidentally altered by tightening the lock-nut. 

It will be found that the eyes will accommo- 
date most comfortably while focusing a dimly- 
lighted subject, if the well-illuminated parts are 


examined first, leaving the darkest areas to the 
end, after inspecting the portions of medium 
brightness. 

If the subject is too dark to permit the image 
to be examined, good definition may be success- 
fully obtained by locusing on the flame of a 
candle or lamp placed near to the chief parts of 
the subject, removing the bull's eye lens when 
using a pocket torch. 

Hand cameras not equipped with ground-glass 
screens are focused directly by means of a 
coupled range-finder (§ 174) or, after the dis- 
tance of the subject from the lens has been either 
judged or measured, by means of a distance 
scale (§87) or by the use of supplementary 
lenses (§ 117). 

In all cases it is necessary to bear in mind the 
rules which have already been given dealing 
with the depth of field and the best distribution 
of sharpness between two given points (§§ 76 
to 85). 

When copying flat originals or prints by means 
of a suitably equipped apparatus (§§ 150 to 152), 
sharp focus and size of image are obtained by 
using the scales provided. It is only necessary 
to verify finally that no error has been made 
during these operations by an examination of 
the ground-glass screen. 

330. Fine Focusing. On examination of the 
image formed on ground glass by means of a 
lens of low magnification, the eye receives 
simultaneously the diffuse light from the 
ground-glass screen and the light which is 
directly transmitted without scattering, the 
intensity of the latter being, of course, reduced 
by comparison with an image transmitted by a 
piece of clear glass. For a lens of aperture 
aroilnd //4-5, the intensities of the scattered and 
directly transmitted images are approximately 
equal. One thus views simultaneouky a material 
image formed on the screen and an aerial image, 
which may be situated either in front or behind 
the screen, according to the uncertainty of 
focusing. The existence of these two images 
makes exact focusing difficult. This diffic^ty 
can be overcome by the use of very thinly 
flashed opal glass instead of ground glass. It is 
as a rule necessary to reduce the thiclmess of the 
opal flashing by grinding until the filament of a 
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projectioo lamp 15 ft away from the glass held 
at arm's length just becomes visible. Opal 
focusing screens can naturally be prepared in 
small dimensions only. Their grain is much 
finer than that of ordinary ground-glass screens, 
and thus a lens of magnihcation up to 10 times 
may be used (E. W. H. Selwyn, 1943). 

\S^en it is necessary to obtain very precise 
focusing (scientific work, or tests for making a 
focusing scale), it is well to replace the ordinary 
method of judging the point of maximum sharp- 
ness by a coincidence method known as parallax 
focusing. For this purpose the ground-glass 
screen should be rendered transparent in one 
or two conveniently placed areas (centre and 
edges of field), either by protection during the 
grinding or by covering the desired areas with 
pieces of very thin glass (microscope cover slips) 
cemented with Canada balsam. A cross shodd 
be scratched on the side of the screen facing the 
lenSk or marked out with a hard pencil on the 
area to be covered. 

After the image has been focused as sharply 
as possible by examining the ground part of the 
screen, a magnifying lens, adjusted to give a 
sharp image of the cross, is applied to the trans- 
parent area. It is now possible to see at the same 
time both the image of the subject and the 
cross in the plane of the screen. If the image is 
formed accurately in this plane, any displace- 
ment of the eye, either upwards or downwards, 
or to right or left behind the lens, will not alter 
ihe position of the cross relatively to the image. 
If, however, the image is out of focus, the direc- 
tion of the displacement will indicate whether it 
is necessary to lengthen or shorten the camera 
extension. The extension is too long if the cross 
is displaced relative to the image in the same 
direction as the eye is moved. If the cross moves 
below the image as the eye is raised, the extension 
is too short. 

331. Soft Focus. Perfectly sharp definition 
is an essential quality when dealing with certain 
scientific, legal, or commercial requirements, 
but may completely spoil an artistic photograph 
in which it is desired to suggest the impression 
conveyed by a subject but not to reproduce 
faithfully its finest details. 

A photograph is not necessarily artistic, 
however, b^use the focus has been softened. 
On the other hand, a r^orously sha^ picture, 
in which details ordinarily imperceptible to the 
eye without dose examination are easily dis- 
cerned, can never create an artistic effect, 
whatever other merits it may possess. 


With artistic pictures, the focusing is always 
much more difl&cult to judge, for the degree and 
distribution of the softening demands not only 
a certain aesthetic taste and knowledge of 
psychology but also a full acquaintance with 
the various methods available for the production 
of pleasing soft effects. 

The degree of softness will, in any one instance, 
obviously depend on a large number of factors, 
more sj^cifically on the size of the picture, on 
the subject, and on the artistic education of the 
public to whom the work is to be presented. It is 
evident that outlines may be made much more 
diffused if the picture, owing to its size, is to be 
viewed from a distance. A portrait of a child or 
of a young woman can be treated with a certain 
amount of freedom, while that of an old man is 
often better rendered with a lesser degree of 
diffusion. And then, again, the uneducated will 
approve only with dififtculty of a soft-focus 
portrait, which they will consider to have been 
bungled, whereas they will accept a photograph 
with softened outlines without any tendency to 
hardness. On the other hand, a photograph 
with very much softened outlines is much more 
pleasing to the cultivated taste, unless the effect 
has been exaggerated to a degree which is 
considered suitable only in studies executed for 
decorative purposes. 

The method which most naturally suggests 
itself for the avoidance of the extreme sharpness 
afforded by the modem technically perfect 
lenses, such as the anastigmats, is to deviate 
more or less from the normal position of sharp 
focus. This method, however, invariably results 
in distinctly unpleasant portraits, in which the 
sha^ definition, though absent from the main 
subject, appears in some minor part, either in 
front or l^hind the main subject, where it is 
least wanted. 

An attractive portrait which is neither too 
sharp nor too soft can usually only be obtained 
by a combination of two images, one of which is 
pibiectly sharp but of subdued intensity, while 
the other has softened outlines and is used to 
obtain the desired effect. 

Many different methods may be used to 
obtain this combination, either from a single 
negative, by double printing from a single sharp 
negative, or by taking a print from a combine* 
tion of two negatives taken at the same time. 
Fig. 25.1 shows in diagram form the appearance 
of a line in the principal cases considered. * 

Various optical methods are available which 
allow a negative with softened outlines to be 
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obtained directly, by arranging for certain rays 
of light to form a sharp image, the rest forming 
an out-of-focus image. 

For landscape or still-life photography, the 
following method has been suggested by E. 
Genet (1923). The camera is first focused on a 
point considerably in front of the subject, and 
the lens is then stopped down until sharp focus 
is obtained. Half the requisite exposure is then 
given, after which the aperture is opened to an 

ImI jL 

a b o d 

Fig 25.1. Distribution or Density in Lines 
or Various Images 

(a) Sharp image. (6) Out of focus (c) Softness produced hv anachromatic 
lenses, (d) Superposition of a sharp and diffuse imag>'. 

intermediate position and finally to full extent. 
At each of these latter positions an exposure is 
given equivalent to a quarter of those necessary 
at the apertures used. 

We have already mentioned the use of 
diffusing screens (§ 126), which transmit a sharp 
image through the central part and a soft image 
through the outer part. Thus it is a common 
practice, especially in enlarging, to place in 
front of the lens a piece of stretched fabric, which 
by diffraction introduces a certain softness into 
the print. The softness increases with the close- 
ness of the weave of the fabric; the more the 
threads diffuse the light the less the contrast. 

The most convenient method of obtaining 
a negative with soft outlines is that of using a 
specially designed lens which has been imper- 
fectly corrected for spherical or chromatic 
aberrations. The resultant image is then 
composed of a large number of elementary 
images corresponding either with the various 
concentric zones of the lens or with the different 
coloured radiations. The sharpness of the image 
can also be reduced by fitting the lens with a 
supplementary uncorrected convergent or diver- 
gent lens (§§ 117 and 118) or with a non-achro- 
matic afocal lens (§ 126) or with a very weak 
convergent or divexigent lens, of which the centre 
is cut out (the sides of the aperture must be 
blackened). 

There are on the market many t3rpes of lenses 
which are incompletely corrected for spherical 
aberration. Hiey exhibit no peculiarity in use 
other than the fact that any altoation in the 
size of the aperture or in the duration of exposure 


has an appreciable effect on the result, the image 
being much sharper when a small aperture, or, 
within normal practical limits, a short exposure, 
is used. It is possible to limit the influence of 
the outer zones of a lens without eliminating 
them altogether by using a star-shaped aperture, 
and conversely, to increase their influence by a 
star-shaped opaque stop. The number of the 
branches of the star should be odd, in order to 
minimize the effect on any lines that happen to 
run parallel to the direction of one of the arms 
of the star. Certain lenses, more particularly 
those employed for portraiture, will, if desired, 
give a perfectly sharp image, or a soft image 
due to splierical aberration on altering the 
distances between the various components 
(obtained by rotation of a ring in a spiral groove) . 
Finally., the spherical aberrations of a Petzval 
lens can be increased by increasing the distance 
between the back components, and those of the 
old type achromatic meniscus (“landscape") 
lens, by opening up its diaphragm. 

Simple or symmetrical non-achromatic lenses 
(§§96, 100, no), which can be prepared easily 
from very cheap components (spectacle lenses), 
have given some very remarkable results in the 
hands of artistic workers. Their use is often 
criticized because an adjustment of the extension 
is necessary after the focusing has been done, 
and also because widely different results are 
obtained when light-sources of different com- 
positions are used successively (mercury arc, 
daylight, incandescent lamps). 

332. \^en using chromatically uncorrected 
lenses, whether single or symmetrical, in con- 
junction with an ordinary non-colour-sensitized 
emulsion or an orthochromatic emulsion without 
a yellow filter, one has to make certain that the 
image which is focused by means of yellow-green 
light, to which the eye is most sensitive, becomes 
sharp for the blue and violet, to which the emulsion 
is sensitive. This result is obtained by increasing 
the camera extension by some 2 per cent. 

Tliere is no need for any correction when work- 
ing with orthochromatic or panchromatic emul- 
sions with a yellow filter. Illumination by 
incandescent lamps, which are very poor in 
violet and especially in ultra-violet, or the use 
of an aesculin filter to absorb the ultra-violet, 
allows the correction given above to be reduced 
considerably. One or two trials will show the 
most suitable amount of correction in given 
circumstances. 

333. Choice of View-point Although we do 
not propose, in this book, to discuss the aesthetic 
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questions which arise in the practice of photo- 
graphy, yet we think it necessary to put the 
reader on his guard against one or two frequent 
mistakes. 

The most favourable view-point for a subject 
or a group should be chosen without regard to 
the scale of the final print, but with sole con- 
sideration for the usual rules of composition. 

Every photograph should express an idea, 
conve)ring to those who contemplate the print 
the same impression experienced at the time the 
subject was chosen. The picture should contain 
a principal subject (idea of unity), and should not 
combine several subjects, each of which presents 
a special point of interest, with nothing to unite 
them. The attention should be drawn im- 
mediately to the central theme, the eye being 
led there, not merely by sentimental interest, 
but by the convergence of the principal lines 
and by the contrasts of light and shade, which 
should be more striking than elsewhere. 

No part should be identical with another, 
and nothing should be symmetrical (idea of 
variety), but there should be a certain balance 
of lines and tones, conveying an impression of 
stability. The principal lines of the composition, 
with the exception of the verticals, should not 
be parallel to one another nor to the frame, but 
should oppose one another (opposition) . Balance 
is obtained, as a rule, by means of an element 
of secondary interest in the picture (which may 
be no more than a patch of tone), this secondary 
feature being placed, for example, at a point 
diagonally opposed to the principal subject. 

By dividing the sides of the picture into an 
odd number of equal parts, e.g. three, and joining 
these points by lines parallel to the frame, the 
principal lines are obtained, the intersections of 
which coincide with the chief points of the 
composition. The composition may be some- 
times facilitated by drawing the principal lines 
of the picture within the space of the focusing 
screen of the camera. 

It should be noted that a subject which is 
attractive solely because of its colouring will 
give very disappointing results in monochrome 
photography. Some idea of the appearance 
which a photograph of a subject will present on 


an ordinary emulsion and on an orthochromatic 
emulsion can be obtained by examining it 
through a blue or a green glass respectively 
(§§ 226. 236). 

The most frequent mistake in composition 
arises as follows. It is relatively easy for the 
practised eye to select an attractive subject and 
to set up the camera in the place considered 
most favourable. Then, however, it is not at all 
uncommon for a move to be made to a different 
view-point, generally much nearer the subject, 
under the idea that the picture is too small and 
would not fill the area of the plate to be used. 
A subject is attractive from a certain view-point 
because, relative to that point, the lines of the 
scene are grouped harmoniously, but the 
attractiveness is generally lost if the view-point 
is moved either nearer or farther away. Having 
once selected the view-point, it is better to 
choose from among the lenses at hand one which 
m\\ allow the plate to be most nearly filled by 
the picture, bearing in mind the fact that any 
unwanted parts may be excluded later. For 
this purpose a focimeter or an iconometer may 
be used similar to the frame view-finder des- 
cribed in § 172, the frame being movable along 
a groove graduated in focal lengths. If, for 
example, the sides of the frame are equal to a 
quarter of the corresponding dimensions of the 
plate, the lengths of the scale graduations 
attached to the frame will also be equal to a 
quarter of the various focal lengths to be used. 
If the picture is considered too small, it can 
always be enlarged afterwards. (See Chapter V 
for the rudiments of photographic perspective 
and the effect of the distance between view-point 
and subject.) 

Having chosen the subject and the view-point, 
which necessarily fix the angle of the picture 
and the position of the camera, the limits of the 
subject are best adjusted by decentring the 
lens in the direction and to the extent considered 
necessary (§ 155). Decentring of the lens is 
practically equivalent to cutting off, from the 
circular image which would be formed by the 
lens if a much larger camera were used, that part 
(equal in size to the plate actually employed), 
in which the selected subject is b^t arranged. 
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334. E^^sure Time. For most subjects there require five times the intensity of light. These 
is no single correct time of exposure, but a two negatives, while very different in appearance 
range of permissible exposures. The minimum when compared in the same illumination, would 
exposure corresponds to the condition where in appear identical if they were illuminated 
the negative the deepest shadow which is to be respectively by a 60- and a lo-watt lamp, 
recorded is registered as a density only just dis- They would appear identical under the same 
tinguishable from the chemical fog. The maxi- illumination if the lesser exposed negative were 
mum exposure is that in which the lightest half- combined with a neutral density filter or a 
tones are just distinguishable from the complete uniformly fogged and developed plate, trans- 
block. Of the various exposures possible the mitting about one-fifth of the incident light. It 
shortest one is always the best, having advan- is, essential to note, though, that the over- 
tages such as greatest speed in printing and exposed negative will generally be slightly less 
enlarging, and least grain. sharp, owing to the increased effects of halation, 

If the brightness of the subject exceeds that image movement, and graininess, 
which the photographic material can deal with Of these two negatives, yielding identical 
then it becomes impossible to satisfy both of results, the professional photographer will al- 
the conditions mentioned above. This case ways consider the thinner one to be correctly 
only occurs rarely, however, and the choice exposed and the denser one over-exposed, 
of exposure time then depends on the desired Retouching, geneially considered a necessary 
interpretation of the subject. operation in professional photography, is in 

In every other case the range of permissible fact much more easily done on a thin than on a 
exposures measured by the ratio of the maximum dense negative. He would probably have 
and minimum exposures, is given by the expo- stopped the development of the more-expused 
sure latitude, which is obtained by dividing the negative some time before the less-exposed 
exposure range of the emulsion by the brightness one, in order to obtain greater transparency, 

range of the subject. The negative developed for the shorter time 

Success in photography would he unusual if would then be much less contrasty and would 
there were no appreciable exposure latitude, no longer, therefore, yield on the same paper a 
Exposures out.side the optimum range, giving print identical with that from the other negative, 
pictures in which the shadow or highlight details but each could probably be made to give good 

are lost, are not strictly correct but are often prints by the choice of suitable papers with 

quite satisfactory. If this were not the case the characteristics appropriate to the separate 
photography of very contrasty subjects would requirements of the two negatives, 
hardly be possible. 336. Insufficient exposure always results in 

335. Results of Errors in Exposure. Negatives a thinner negative than would have been ob- 
which have been given varying times of exposure tained with correct exposure, with lack of detail 
within the limits defined in the previous pjira- in those parts corresponding to the darker parts 
graph and then developed for the same time in of the subject, and with increased contrast be- 
the same bath will only differ from one another tween the images of the shadows and highlights, 
in their mean density, and not in contrast. They It is only in a few special cases that it is 
will give, therefore, identical prints on the same possible, by prolonging development, to corn- 
paper, but the printing will take longer in the pensate for insufficient exposure. It would be 
case of the denser negatives. If, for example, necessary that all the subject actually covered 
one of them was exposed for five times as long the lower curved part of the emulsion charac- 
as another and both were developed to a gamma teristic and that prolonged development should 
of about I, then, at a rough approximation, the not give a general fog which would mark the 
first will take five times as loxig as the second shadow details. Prolonged development of a 
one to print, or if equal times of exposure are negative in which the shadows are under- 
given in the printing, the first negative will exposed while the highlights are normal only 
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exaggerates the already excessive contrast 
between the shadows and the highlights. 

It is essential to note that a negative cannot 
be judged in itself, but only from prints obtain- 
able from it. It has already been stated (§ 258) 
that the detail on the negative which cannot 
be seen by the eye often appears in a print made 
on a contrasty paper. 

Over-exposure yields a much denser negative 
than one which has been correctly exposed and 
developed under identical conditions, and the 
contrasts, especially in the half-tones, is reduced. 
To obtain the same degree of contrast it would 
be necessary to prolong development, which 
would result in a further increase in density of 
the negative. Their liking for a nice " nega- 
tive, even though it yields poor prints, causes 
a Imrge number of photographers to cut short 
the development, in order to obtain an image in 
which the mean density approaches that of a 
correctly-exposed plate developed to the re- 
quired degree of contrast. 

Different considerations apply to reversal 
materials and thus to all colour materials giving 
directly a positive transparency. With these 
the exposure latitude is much less than with the 
negative-positive process, and secondly, since 
they are as a rule projected, the aim of “correct 
exposure" is different. It is simply that the 
liigh-lights, such as the sky, or perhaps the tones 
of a human face, should produce a constant 
brightness on the projection screen. It would 
be most disturbing to find, on projecting a 
cin^ film, for example, the face tones var5dng all 
the time. 

337. Factors Affecting Time of Exposure. 

The limits of normal exposure time depend on 
the illumination of the subject and its tone 
range, becoming smaller as the tone range 
increases. The exposure time also depends on 
the distance of the subject from the camera, the 
relative aperture of the lens, and the sensitivity of 
the emulsion, allowing for any colour filter in use. 

It is often pointed out that the time of 
exposure depends on the amount of light falling 
from the scene on to the lens, or (combining 
the first three factors mentioned above) on 


the intensity of the image on the ground-glass 
screen of the camera. Many instruments for the 
measurement of the time of exposure have been 
based on this method of evduation. While, 
in many cases, both these plans lead to prac- 
tically identical results, it is not difficult to 
show the inexactitude of the principle and the 
considerable extent of the errors which are 
caused when it is applied too strictly. It is, 
in fact, quite obvious that the same exposure 
would be necessary for photographing a person 
behind whom is placed first a white and then 
a black background, or for a charcoal drawing 
on paper and a chalk drawing on a blackboard. 
Yet, in both these examples, the light reaching 
the lens from the whole scene is much greater 
in the first case, for the mean luminosity of the 
image is mucli greater when photographing 
black lines on a white background than white 
lines on a black background. 

The illumination of the subject depends, as 
we have already seen (§§308 and 309), on the 
height of the sun and the atmospheric condi- 
tions. It is necessary to add to the factors 
affecting the illumination the altitude of the 
subject and of the operator. The exposure 
necessary is considerably smaller in mountains 
than below, owing to the decreased absorption 
of the sun’s rays by the atmosphere. As a 
rough approximation, the following relative 
values of the time of exposure may be accepted 
for plates and films exposed without inter- 
position of a coloured filter — 

Altitude. .oft 3,000 ft 6,000 ft g, 000 ft la.oooft 

Relative time of ex- 
posure . I 0*75 0*66 0‘50 0‘3 

Wlien, however, the subject is not situated 
in open country, the extent of sky which can 
be seen from the position occupied by the sub- 
ject, and the diffusion of the light by neigh- 
bouring objects, both modify the illumination 
to an appreciable extent. In an interior, for 
example, the illumination is much greater if the 
walls and hangings are bright and of light colours. 

The brightness of the image varies only 
slightly with the distance of the object from the 
lens when this distance is very large, but it 


Scale of reproduction 
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rapidly becomes less as the object distance 
and the lens extension become more nearly 
equal. To compensate for this reduction of 
brightness, it is necessary to increase the 
exposure (§ 90). The table given opposite shows, 
in the case of a flat subject at right angles to 
the lens axis, the relative exposures for different 
values of the scale of the image (§ 64) and for the 
corresponding distances between the subject 
and camera, the distances being expressed in 
focal lengths of the lens which is taken as the 
unit of length. 

In the ca.se of solid objects or portraits, these 
factors should be considerably increased. Small 
areas of shadow, which need not be reproduced 
in detail when photographing a distant object, 
become much more important in a photograph 
taken at a short distance. For example, when 
working at lo focal lengths as compared with a 
great distance, the most satisfactory picture 
may be obtained by multiplying the exposure 
not by 1-2 but by about 30, the exf)0.sure being 
given tor the .shadows and not the high-lights. 

Finally, as already stated (§ 89), the intensity 
of the image is proportional to the square of the 
relativT aperture. The times of exposure should 
therefore be proportional to the square of the 
denominator n in the fraction i/n expressing the 
relative aperture ; in other words, to the square 
of the F number (§ 71). The lens stops are 
usually so graded that the exposure must be 
doubled as the next smaller stop in the series is 
used. In all this we assume that the reciprocity 
law holds good. That is not, of course, strictly 
correct, and difficulties may arise, in particular, 
with very dimly illuminated subjects, when, for 
instance, it is necessary to stop down to a large 
extent in order to increase the depth of field 
in an interior photograph. The minimum correct 
exposure with very small apertures can be, at 
least with certain emulsions, considerably 
greater than that based on a calculation from 
the exposure necessary for the same subject 
using a much larger aperture (see § 205). 
Failure to take into account the deviations from 
the reciprocity law often leads to the conclusion 
that the use of very small stops tends to increase 
the contrasts, since the calculation of the time of 
exposure on the basis of its inverse proportion- 
ality to the intensity leads to under-exposure, 
and as we have already seen under-exposure 
exaggerates thecontra^s (^336)^ 

It is necessary to point out that in a camera 
possessing a variable-speed shutter it is pre- 
ferable to use the diaphragm merely to regulate 


the depth of field. Amateur cin6 cameras in 
which there is no adjustment of the shutter 
aperture are sometimes fitted with neutral 
grey filters that reduce the light to a known 
degree so as to reserve the diaphragm for its 
normal role. 

Different exposures may sometimes suit one 
and the same subject better according to the 
interpretation desired by the photographer. 
The optimum exposure will not be the same, 
for instance, for a landscape with figures, 
according as it is regarded as open air por- 
traiture or as a landscape with living figures. 

338. Influence of T3rpe of Subject on Time of 
Ei^osure. Different exposures may be given 
to the same scene, varying according to the 
point it is desired to bring out in the photograph. 
Thus, fpr example, with a landscape containing 
a group of people, exposure would have to be 
greater if the photograph is to be regarded as a 
portrait than as an animated landscape. We 
have stated (§ 334) that, in principle, the mini- 
mum time of exposure is that which produces 
a useful image of the deepest shadow and in 
consequence assures a satisfactory rendering 
of the details in the darkest tones. ^ 

This rule is nothing but a re-statement of 
the old adage, " Expose for the shadows and 
let the high-lights take care of themselves." 
There are, however, many instances where the 
exposure may be considerably less than this 
minimum, as for example in all open landscapes 
without any detail in the foreground. The 
shadows in this type of subject only appear on 
the image as small patches, and it would there- 
fore be absurd to attempt to bring out their 
detail. If the photograph is taken with a high- 
magnification telephoto lens, all objects which 
stand out in front of the others, even though 
they are far away from the camera, should be 
regarded as in the foreground, and here it is 
necessary to show the detail in the shadows. 

Also when a bright subject is being photo- 
graphed against a dark background it is often 
advisable to under-expose the latter for the sake 
of subduing uninteresting details. 

The presence of certain details could spoil the 
effect intended by the artist. This would 
certainly be the case in a photograph taken 
purposely against the light, in which it wotdd 

^ We do not deal here with the case of direct posi- 
tives obtained by reversal or those methods in whicn the 
exposure should be adjusted according to the high- 
lights, such as colour phqrtography and sub-standard 
cuematography. 
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be unnatural to record shadow details which 
could not be detected by the eye under such 
conditions of glare. A similar case is that of 
snow scenes, in which it is often much more 
important to exaggerate a little the play of the 
light on the surface of the snow than to bring 
out the details in the shadows, which are 
usually of interest only for their mass effect. 
In the same way, when making cloud photo- 
graphs for the purpose of meteorological studies, 
any landscape foreground may quite well be 
ignored ; it will be sufficiently represented as a 
toe expanse without detail. 

339. Influence of Movement of the Subject 
and of the Camera. If, during the exposure, a 
movement of the subject, of the camera, or of 
both at the same time takes place, the image 
will no longer be rigorously sharp. The unsharp- 
ness produced will be greater, the greater the 
velocity of the image in the plane of the sensitive 
surface, and the longer the exposure. In order 
to obtain an image which appears sharp no 
point in it should move more than a certain 
distance. It is logical to allow the same amount 
of movement as has already been utilized in 
considering the depth of field. This, accord- 
ing to circumstances, is about 1/250 in. in a 
print giving exact perspective when viewed 
from a distance of 10 in., or about 1/2,000 of the 
focal length in the negative. In pictorial 
photography a slight unsharpness in the case 
of a moving object tends to help the suggestion 
of movement. Here, however, it is a question 
of personal taste, which cannot be expressed 
numerically. 

On a negative taken with a very prolonged 
exposure (using a slow emulsion, or a very deep 
colour filter, or a very small stop) there is no 
trace of the image of subjects that have rapidly 
crossed the field. This peculiarity has sometimes 
been utilized to "eliminate*’ persons walking 
in front of a monument or of a landscape. 

If the velocity of the image in the plane of the 
sensitive plate is v in. per second, then the time 
of exposure t should be such that the product vt 
is at the most equal to 1/250 in. or to E/2,000 in. 

It is easily seen that the velocity of the image 
on the ground-glass screen or the photographic 
material becomes smaller, firstly as the scale on 
which the subject is represented is reduced, 
and secondly, as the angle between the direction 
of its movement and the optic axis of the lens 
becomes smaller. If we call V the actual 
velocity of subject relative to the camera, 
0 the angle made between its direction of motion 


and the optic axis of the lens, then v, the 
velocity of the image on a scale of magnification 
w, is given approximately by v = Vm sin 6 . 
The velocity of the image, therefore, varies 
between Vm (when the motion is perpendicular 
to the optical axis) and 0 (when the motion is 
parallel to the axis). In this latter case it is not 
a question of displacement of the image but of a 
progressive change in the scale of magnification. 

Based on these facts, it is easy to construct 
a table showing, for the most usual cases, the 
maximum time of exposure which may be 
given. It is necessary to point out that, when 
photographing a person or an animal running, 
the speed of the feet is much greater (generally 
double) than the speed of the body, except for 
the instant at which they come in contact 
with the ground. Similarly, when taking photo- 
graphs with a camera in motion (photographs 
taken from a moving vehicle or aeroplane) the 
vibration and sw'aying transferred to the camera, 
will, at certain instants, considerably increase 
the velocity of the image. 

Unless absolutely necessary, there is no 
sense in taking a photograph if the maximum 
exposure indicated by this method falls consider- 
ably below the minimum time of exposure 
worked out on the basis of the sensitivity of a 
plate or film, or is less than the shortest exposure 
which the shutter in use is able to give. 

A successful photograph can often be obtained, 
however, by the method of "swinging" the 
camera. For this the camera is kept pointing 
at the moving object, preferably by watching 
it in the view-finder and moving the camera so 
as to maintain the object at a fixed position 
with respect to the camera. Under these 
conditions, with an exposure appreciably longer 
than the calculated value, it is possible to 
obtain a sharp image of a moving object, 
while the image of all stationary objects will be 
indistinct, each point in them being displaced in 
a direction parallel to the line of movement. 

In the nomogram shown in Fig. 26.1, the 
maximum exposure times can be worked out, 
the limit of sharpness being 1/2,000 of the focal 
length, and the object moving at right angles 
to the camera axis. 

The speed of the object (or of the camera, if 
a photograph is taken from an aircraft or other 
vehicle) is shown on the scale on the left, and 
the distance between the camera and the object 
(the foreground, if the camera is moving) on the 
right. A line connecting the corresponding 
points on these two scales cuts the third scale 
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at the maximum admissible exposure time. 
Thus, for example, the line drawn shows that 
for an object moving at 6-2 miles per hr, 60 ft 
away from the camera, the exposure time 
should be 1/1,000 sec or less. 

This maximum time of exposure may be 
doubled, if the path of the moving object lies 
at 45'’ to the lens axis, and trebled, if it runs 
parallel to it. 

340. Instantaneous and Time Exposures. 

From the point of view of carrying out the 
operations, there is no real distinction between 
instantaneous and time exposures ; it is probably 
more correct to say that there is no such thing 
as an instantaneous exposure. Every negative 
is more or less exposed; a negative which has 
been exposed for a long time may still have had 
insufficient exposure, while a negative exposed 
only for a few thousandths of a second may be 
over-exposed. 

A misunderstanding, probably due to the 
wonderful promises made by certain dealers, 
has led many novices to believe that, once 
possessed of an instantaneous (snapshot) camera 
they have only to press a button to obtain 
excellent photographs with certainty in about 
1/25 second, whatever the time or place, 
even though it be in the depths of a tunnel, or 
on a moonless night 1 

In fine weather in the open, nearly all the 
objects within the field of view may be readily 
seen if the eyes are open and shut as rapidly as 
possible. In bad light the same instantaneous 
blinking of the eyes will reveal only those objects 
which are more strongly illuminated than the 
rest; the whole view will be seen only after 
a long and close inspection. The photographic 
plate behaves very similarly. This obvious fact 
should lead beginners to a proper understanding 
of the possibilities of their cameras. 

341. Practical Determination of the Time of 
Exposure. The professional, who is always 
working in the same studio on subjects which 
differ photometrically very little one from 
another very soon acquires the practical 
experience which enables him to estimate the 
time of exposure with an accuracy which nearly 
always brings it within the limits of norm^ 
exposure. This applies especially to portraiture, 
where the restricted range of contrasts increases 
the latitude of exposure. 

The amateur, whose photogiaphy is done 
only during the best months of the year and 
who confines himself almost entirely to subjects 
of the same dharacter, frequently attains, but 
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not without spoiling an appreciable number of 
plates or films at the beginning of each season, 
a certain skill in judging the exposure, roughly, 
it may be, but closely enough to enable him to 
obtain satisfactory negatives. The success of the 
box camera, with fixed aperture and a single 
instantaneous and time shutter, bears this out. 
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Fig. 26.1. Graph for the Estimation of 
Maximum Shutter Speed for a Moving 
Subject 

It is more difficult to be sure of the correct 
exposure in the case of the photographer, who, 
from Necessity or choice, attempts successively 
a very wide range of subjects, sometimes 
exterior, sometimes interior, or for the worker 
who through force of circumstances has to 
operate in a climate to which he is unaccustomed. 
Under these conditions, through errors of ju^- 
ment, the exposures very frequently fall outd^ 
the limits of normal exposure, causing a high 
proportion of useless negatives. Hence many 
workers will make at least two negatives of a 
difficult subject, in the hope that at least one 
of them will prove acceptable. 
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Numerous instruments, known as exposure 
meters, have been on the market for a long time, 
but have not, in general, established themselves. 
The use of exposure meters has been encouraged, 
however, both by the very small exposure 
latitude of modern colour and reversal materials, 
and by the general increase in price of photo- 
graphic materials in general. 

In order to obtain the maximum benefit it is 
necessary to choose an exposure meter based on 
a logical principle. Unfortunately, this does 
not apply to sdl meters available, including 
some of the most popular. 

Where no meter is available, quite good 
results will be obtained from the use of an 
Exposure Table or Calculator. 

342. Exposure Meters. Certain exposure meters 
allow the brightness of any one convenient 
small area in the field to be determined. Many 
other meters measure the equivalent of the 
luminous flux passing through the camera lens, 
or more exactly, the average brightness of tlic 
scene. The measured value is often influenced 
to an undesirable degree by the amount of sky 
included in the field of view of the meter. Not 
all the meters on the market are designed upon 
sound principles, but are still capable of giving 
useful indications, both because they are 
calibrated empirically and because of the wide 
exposure latitude of modem photogiaphic 
materials. 

We have already considered how the nature 
of the subject, and the kind of photograph one 
wants to obtain, influence the optimum exposure 
time. It is clearly too much to expect that even 
the soundest and most accurate exposure meter 
is capable of taking accoimt of these factors. 
Thus, it is necessary to interpret intelligently 
the indications of the meter. Several meters 
provide correction factors which depend upon 
the nature of the subjects. 

Exposure meters may be classified into those 
which depend upon the chemical action of light, 
upon visual effects, and upon electric effects. 
Meters of the last two kinds may be coupled to 
the lens diaphragm or the shutter of the camera ; 
with photo-electric meters,. the lens diaphragm 
or shutter speed may be set automatically. 

Exposure meters also require a table of 
relative speeds of the various photographic 
materials and a calculator, which allows the 
various combinations of diaphragm and shutter 
setting, which will give adequate exposure, to 
be deterhiined rapidly from the meter reading 
and tte speed of the material. 


The calibration of exposure meters is very 
often such as to give the minimum exposure 
that can be used. It is thus a wise precaution 
to double the exposure indicated. Over- 
exposure is never as fatal as under-exposure. 
This increase in exposure should clearly not be 
applied if the subject covers a wide tone range, 
or if a colour material is used, or with reversal 
materials in general. 

Under all circumstances, the filter factor 
must be taken into account. 

An interesting comparison of the usefulness 
ol different types of exposure aids has been 
published by J. Milbauer (i()37). He used a 
panchromatic roll-film of considerable exposure 
latitude, wide enough to allow exposure differ- 
ences as much as 250 • i on the same scene, the 
resulting negatives still giving satisfactory’ 
prints on the same grade of paper. For each 
instrument the average rate of success was 
determined, all those negatives being considered 
as satisfactory which could still be printed on 
medium contrast pai)er. The table below 
summarizes his results. 


Type of Jiislniment 


No of 
instruiiiiMiU 
tested 


Percentage of successes 


Minimum Maxiniuiii Average 


Tables 15 

Calculators 1 1 

Artinonieters (> 

Visual (cxtuutiou 
meters) 21 

Photo-electric meti-rs 10 


27 

37 


76 S I 

i 8s 5 ; 

I i 


‘MS 

87 

94'i 


loo 

100 


45 

472 

8v5 

878 
y? 1 


343. Actinometers. An actinometer has been 
described as early as 1S40 by J. B. F. Soleil for 
use by workers making D^errotypes. This 
instrument utilized a moist silver chloride 
paper fixed to the bottom of a long tube which 
was pointed at the subject. The exposure was 
stopped when the paper had reached a pre- 
determined tint. 

For many years the actinometer held the field 
as the only instrument capable of determining 
times of exposure with reasonable accuracy. 
The instruments constructed by A. Watkins 
(i8go) and G. F. Wynne (1893) combined an 
actinometer proper with a circular calculator 
on which the exposure time was worked out 
from the time necessary for the actinometer 
paper to reach a certain colour. These instru- 
ments enjoyed a well-merited reputation. 

344. Visual Photometers for the Measuren^ 
of the Brightness of a Small Area in the Scm. 
Taylor has described (1866) the use of a visual 
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photometer as an exposure meter. He suggested 
that a field illuminated by the subject should 
be compared with another field illuminated 
by an auxiliary source of light. Instruments of 
this type have been used for cinematography 
by D. F. Comstock (1916). Illumination meters 
have also been utilized in film studios to ensure 
that the illumination is sufficient all over a set. 

The most convenient layout for a visual 
photometer comprises a small telescope through 
which the scene is viewed, and a transparent 
reflector through which the filament of a small 
electric bulb is seen at the same time in the 
centre of the field. The lamp is supplied from a 
torch battery. The brightness of the filament 
can be controlled continuously either by means 
of a variable resistance in the lamp circuit 
(F. N. Norton, 1927), or by a neutral density 
wedge which must be calibrated in position 
in the instrument (W. Gunther, 1927 ; L. Lobel, 
1929). The lamp brightness is varied until the 
filament disappears, when the field brightness 
is equal to that of the filament. The brightness 
of the subject can then be read off a scale 
which is attached to the control which varies 
the lamp brightness. By means of a calculator, 
the exposure time can then be worked out. 

An exposure meter based upon this principle 
will give exact exposure readings even under 
the most difficult conditions. The part of the 
subject to be measured is, as a rule, the deepest 
shadow in which one wishes to record detail 
in the print. For reversal work, a reading 
would be taken on a high-light. The main 
criticism levelled against these instruments is 
that they are clumsy, largely because of the size 
and weight of the dry battery they contain. 

An interesting new version of a visual photo- 
meter has been described by J. F. Dunn and 
G. S. Plant (1945). In this instrument a photo- 
electric cell is used to bring the comparison 
lamp to a standard brightness so that the instru- 
ment is self-calibrating. The comparison field 
measures but ; unfortunately, the instrument 
is rather expensive. 

345* Other Visual £jqx)sure Meters. With 
a very old type of exposure meter (C. F. Albinus, 
1844) the subject is viewed through a pair of 
blue or grey wedges so arranged as to form a 
plane-parallel layer of varying thickness and 
density. Each prism carries an index along a 
scale. One of these, scales is set aiccording to the 
lens aperture and the sensitivity Of the material, 
the other scale is calibrated in exposure times. 
One of the wedges is set according to the known 


operating conditions. The other wedge is 
moved until the details in the scene begin to 
disappear and the exposure time to be used 
can then be read on the second index. Innumer- 
able variations of this device have been con- 
structed in all countries and are described as 
extinction meters. 

With these instruments, precautions must be 
taken to avoid the effect of adaptation of the 
eye, i.e. the inevitable increase in sensitivity 
of the eye when looking into a dark aperture. 
Thus some instruments have fixed into the eye- 
piece a diaphragm with an aperture smaller than 
the minimum pupil diameter of the eye, to 
avoid the errors due to the dilation of the pupil 
under weak illuminations (G. Heyde, 1905) ; 
another method is to surround the field of view 
by an. annular field of higher brightness (W. 
Schlichter, 1926). The result of the adaptation 
of the eye is to over-estimate the brightness of 
dimly illuminated scenes and to under-estimate 
that of scenes in bright weather. Thus users 
are often advised to double the exposure time 
indicated for a bright scene and to halve it 
for dark scenes. 

Certain instruments are designed to be 
attached to the ground-glass screen or to be 
combined with the viewfinder of the camera 
and comprise a wedge or a series of stepped 
densities, which are carried by a film stretched 
between two spools, and which weaken the image 
until the details disappear. 

Similar results are obtained if the image of 
the scene is observed on the ground-glass screen 
while the iris diaphragm of the camera is being 
gradually closed. The point of disappearance 
of the shadow detail can be used to determine 
the exposure time. To calibrate, a photograph 
of the scene should be taken with the aperture 
found and a series of exposur<i times increasing 
in geometrical progression. One of the negatives 
thus obtained will be found satisfactory, and 
the T;plation between the aperture for which 
image detail disappears, and the exposure time, 
can be established. 

Whenever extinction meters are used, it is 
useful to standardize on the time taken over a 
measurement. The effect of adaptation of the 
eye is that more and more detail becomes 
visible the longer the time taken over the 
measurement. If the time of measurement is 
standardized to, say, three seconds, the effects 
of adajptation will be minimized. 

Various instniments have been designed which 
allow the exposure time to be determined from a 
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measurement of the diameter of the pupil of an 
observer viewing a scene (A. Lipowitz, 1844) ; 
it has even been suggested that the pupil of a 
cat might be a suitable measuring instrument 
(Cussen, 1844). There is no sense in dealing with 
these fantastic ideas in detail, although they 
have been the objects of some recent patents. 

346. Photo-electric Eaq)osure Meters. W. E. 
Story (1921) used a photo-electric (emission) 
cell for cinematography in the studio. The cell 
was housed at the bottom of a long tube and was 
aimed at the subject by means of a view-finder. 
An exposure meter of this type was suitable for 
industrial use only, since the cell requires an 
external source of high voltage, an amplifier and 
a galvanometer. The discovery of the photo- 
voltaic cell dispensed with the need for an exter- 
nal supply of energy and allowed the develop- 
ment of handy exposure meters small enough 
to be carried in the pocket (H. Y. Tonnies, 1930). 

The most sensitive photo-voltaic cells (E. 
Falkenthal, 1930) consist of a thin layer of grey 
selenium deposited upon a disc of iron which 
forms the positive electrode (anode) of the cell. 
The selenium layer is covered by a very thin 
transparent layer of a metal, such as lead, gold, 
or platinum, which forms the negative electrode 
(cathode) and which is covered by a layer of 
protective varnish. On exposure to light, 
the cell generates a small voltage. 

This discovery was originally made (L. 0 . 
Grondahl, 1926) on the superficially oxidized 
copper plates used as electric rectifiers. All 
photo-voltaic cells have rectifying properties 
and are therefore often called barrier-layer 
ceils. These cells should not be confused with 
the original photo-electric cells, which more 
accuratdy might be described as photo-emission 
cells. Photo-voltaic cells display large local 
variations in sensitivity which may vary as 
much as 60 per cent over the surface of a single 
cell. The sensitivities of cells from different 
sources may differ by as much as 5 to 1 ; their 
spectral sensitivities also vary considerably, and 
local differences in sensitivity for coloured light 
may be greater or smaller than those for wMte 
light (J. Mrozowska, 1938). .All these differences 
can be kept within reasonable bounds, however, 
with the cells produced in any one factory. 

During exposure to light, the photo-voltaic 
cell may be r^arded as a source of electromotive 
force, bunted by the resistance of the selenium 
layer, and feeding into an external resistance, 
yMch comprises the windings of the micro- 
ammeter and often also an additional separate 


resistance. For weak illuminations, the shunt- 
ing resistance is large, becoming smaller as the 
illumination increases. For weak illuminations, 
the current output from the cell is almost 
exactly proportional to the illumination of the 
cell, but for higher illuminations, an increasing 
fraction is by-passed within the cell. This 
effect is more pronounced the greater the exter- 
nal resistance and causes a compression of the 
scale at the high-illumination end. This com- 
pression is very desirable, since for an exposure 
meter the ideal scale is logarithmic, thus 
covering a wide range of illuminations which 
can be measured combined with high sensitivity 
for small values of the illumination. By special 
design of the micro-ammeter (§347), a nearly 
accurate logarithmic scale can be obtained. 

The sensitivity of a photo-voltaic cell is of 
the order of 120 micro-ampere (juA) per lumen. 
The micro-ammeter generally has a resistance 
from between 730 to 2,000 ohms. If this resis- 
tance is 1,000 ohms a cell of dimension 17 by 
35 mm (f by if in.) has an output of 65 /vA for 
300 metre-candles, loo /a A for 600 metre-candles 
and 250 fiA for 6,000 metre-candles. 

The spectral sensitivity covers the range from 
300 to 800 mfi, with a strongly pronounced 
maximum at around 600 m/i. In the blue, the 
sensitivity is considerably less than that of a 
pliotographic material used without filters, but 
higher than that of the eye. These differences 
are much smaller in the red, and for a panchroma- 
tic material used with a yellow filter the spectral 
sensitivities agree quite satisfactorily. In order 
to achieve really accurate agreement of the 
spectral sensitivities, it would be necessary to 
use a correction filter over the cell which would 
reduce its sensitivity to uselessly low values. 
It is therefore not practicable to determine the 
exposure to be used with a filter over the camera 
by using this filter over the cell of the exposure 
meter. For colour photography, it is recom- 
mended to apply an ultra-violet absorbing haze 
filter over the cell, made from a certain special 
glass used for spectacles, which is practically 
colourless, in thicknesses from 2 to 3 mm 
(P. C. Smethurst, 1939). 

The usual photo-electric exposure meters 
cannot be used to determine the exposure for 
infra-red photography out of doors, since the 
sensitivity of the cells towards infra-red is 
very small compared with that to visible light, 
and since no relationship exists between the 
amount of visible and infra-red in daylight. 
Cuprous oxide cells would be more suitable 
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for the purpose, but would have to be used in 
conjunction with an infra-red transmitting 
filter and be specially calibrated. 

347. The most common method of use of 
photo-electric meters is to point them at the 
subject from the camera position, thus measuring 
the luminous flux coming from the scene. When 
used in this way, it is preferable for the accep- 
tance angle (defined as the total solid angle 
from which light can reach the cell of the meter) 
to be no larger than the field of view of the 
camera. It is inevitable that the acceptance 
angle includes some of the sky of an outdoor 
scene, and because of the high brightness of the 
sky, the amount of sky included has a large 
influence upon the meter reading obtained. 
Although the acceptance angle of many meters 
is sufficiently nearly equal to the field of view 
of the camera, the uncertain amount of sky 
included makes the exposure indications obtained 
somewhat uncertain. 

The acceptance angle of a meter is often 
limited by a hood, the depth of which can be 
made to control the angle within certain limits. 
Another method is to arrange a cellular grid 
in front of the cell ; with yet another the angle 
is limited by a cellular array of optical lenti- 
cular elements, making up a multiple camera 
rather like an insect’s eye. The acceptance 
angle is sometimes limited to a cone in the shape 
of a p5n'amid, and sometimes to a circular 
cone. Since the various cameras cover fields of 
various shapes and sizes, according to the focal 
length of the lens, the angle of the cell will 
only roughly coincide with that of the camera. 
Thus there is always the risk that an object of 
high brightness, included into the angle of the 
cell but not the camera, introduces an appreci- 
able error. There are wide variations between 
the acceptance angles of the different meters. 
Thus the horizontal acceptance angle is often 
greater than the vertical, but the converse also 
occurs. The use of a large acceptance angle allows 
the designer to use a cheap galvanometer 
movement, since the amount of light reaching 
the cell and therefore the current, is large. 

One make of exposure meter succeeds in 
decreasing the amount of sky light relative to 
that coming from the ground by arranging a 
converging lens in front of the cell and a shield 
somewhere between the cell and the lens.’ This 
construction removes one of the worst causes of 
error in landscape photography, but it intro- 
duces a new one for those subjects which do not 
contain any sky. 


The micro-ammeter consists of a permanent 
magnet made of cobalt steel or one of the modem 
magnetic alloys, in the magnetic field of which 
swings a coil wound from several hundred turns 
of fine insulated copper wire. The current 
from the cell passes through this coil, which is 
mounted on steel pivots supported by sapphires. 
Two hair-springs serve both to lead the current 
into and out of the coil and to limit its movement. 
In order to increase the range of brightnesses 
that can be measured, the instrument is designed 
so that the coil moves gradually out of the 
magnetic field as the current increases. A 
further method of compressing the scale is to 
modify the magnetic field by means of soft 
iron, and by using an additional resistance in 
series ^\nth the cell and the coil. 

'The scale of the meter will differ according 
as the instrument is to be used for still or for 
cine work. A meter for still photography thus 
often indicates the exposure time to be used with 
an arbitrarily chosen aperture and film speed; 
a table, a nomogram, or a calculator then allow 
the exposure time to be worked out lor any 
other conditions. A cine meter will as a rule 
indicate the lens aperture for a fixed shutter 
opening, usually taken as 180®. 

With certain meters, the calibration of the 
scale is distorted so that the exposure is rela- 
tively heavy for poorly Jit scenes ; in this way 
deviations from the reciprocity law (§205) are 
taken care of. There are, however, meters in 
which the scale calibration is distorted in the^ 
opposite sense. It is therefore recommended to 
check a meter by taking readings at various dis- 
tances from a constant small source of light. This 
is best done in a darkened room, using a lamp 
enclosed in a housing with but a small aperture 
opposite to the lamp ; in this way no light will 
reach the walls or other objects in the room 
and errors due to scattered light will be avoided. 

348. The Method of Use of Photo-electric 
Ea^osure Meters. The sensitivity of a cell is 
redu{:ed by some 25 per cent as the temperature 
falls from 35° to — I5°C ; this variation 
is unimportant in practice, considering the 
exposure latitude of photographic materials. 

Photo-voltaic cells are liable to lose their 
sensitivity if exposed continuously and should 
therefore be protected except lor the time 
necessary to make a measur^ent. 

Serious systematic errors may be caused if 
the micro-ammeter is disturised by jerking or 
dropping the instrument ; the meter should Uien 
be repaired, or at least, the. calibration should 
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be checked. Mishandling of the instrument is a satisfactory indication of the exposure. For 


liable to cause sticking of the meter, so making 
the measurements unreliable and thus worse 
than useless. To see whether the instrument 
sticks, it should be tapped lightly ; the deflection 
should not change to an appreciable extent. 

Strong electric or magnetic fields, or large 
masses of iron or steel, are liable to upset the 
micro-ammeter temporarily, so that wrong 
readings might be obtained. 

The range of illuminations on the cell, which 
can be measured, varies considerably with the 
different meters. In order to increase the 
sensitivity, one type cf meter uses supplementary 
cells, which are plugged into the body of the 
instrument in parallel to the main cell of the 
meter, the calibration of which is then suitably 
altered (A. Bernhard, G. Beyrich, and H. 
Habermann, 1935). 

The most common method of use of exposure 
meters consists in pointing them at the subject 
to be photographed, taking in a field of view as 
nearly as possible equal to that of the camera. 
It is surprising to note that this relatively crude 
method, consisting as it does in a measurement 
of the average brightness of the scene, should be 
capable of giving a reasonably reliable indication 
of the exposure required. In fact the method is 
quite successful, no doubt because the normal 
scene taken by the amateur contains much the 
same light and dark areas. One of the meter 
manufacturers recommends that allowance be 
made for the average tone of the scene. Thus a 
scene containing very large sky areas will 
produce a large deflection of the needle and 
should be given a heavier exposure than 
indicated. Where the subject comprises a large 
area of sky, it is advisable to point the meter 
slightly downwards, in order to reduce the 
influence of the sky brightness. On pointing the 
meter progressively downwards in this way, it 
win be noticed that the meter needle suddenly 
drops sharply. In this position the meter has 
just stopped taking in the sky, and more reliable 
exposure indications are obtained (G. B. 
Harrison, 1939). ^ necessary, of course, to 

recalibrate the meter, if it is to be used in this 
ioAdon. 

An exposure meter used from the camera 
position indicates an exposure which wiU 
produce a constant average density for negatives 
exposed to the various types of scene. For 
the large majority of scenes photographed, the 
ratio of dark to light areas is sufficiently con- 
stant to allow this orude method of use to give 


subjects of high average brightness, the exposure 
indicated will tend to be short ; for dark scenes, 
too long. It is often said that the advantage of 
an exposure meter is to replace judgment by 
measurement ; one must not forget that when 
ust^d from the camera position, the meter 
measures a value which is connected with the 
correct value merely by a chance accident. 

A much more reliable method of using the 
meter consists in pointing the meter at an arti- 
ficial constant tone temporarily incorporated 
into the scene, large enough and near enough to 
fill the acceptance angle of the cell. The meter 
must of course be calibrated for this method of 
use, and care must be taken not to throw a 
shadow on the test surface. The tone of the 
test surface should be near to that of the shadows 
of the scene in the case of normal photography 
or a clear white for reversal methods (G. B. 
Harrison, 1934). 

Another method of use is to determine the 
brightness range of the scene by measuring 
both the extreme high-lights and the shadows. 
Such measurements would be useful in deciding 
whether it was permissible to increase the 
exposure or whether it might be necessary to 
decrease it in order to render correctly the 
high-lights in a contrasty scene. 

For photography in artificial light, a correc- 
tion factor must be applied, which varies both 
with the nature of the source of light and the 
emulsion used. For tungsten light and panchro- 
matic emulsions, the correction factor ranges 
from 1*25 to 1-6, the lower value applying to 
lamps of higher colour temperature, such as the 
photoflood lamps. For orthochromatic emul- 
sions the value is from 2-5 to 4, and for blue- 
sensitive emulsions, it is of the order of 4 
(B. Schonwald, 1934). 

For subjects lit from the side or the back, a 
meter will generally tend to indicate too great 
an exposure, which is particularly troublesome 
in colour photography. It has been suggested 
that this error might be obviated if a smaller 
cell were mounted so as to receive light from the 
sky, the small cell being connected in opposition 
to the principal cell of the meter (O. 
dorfer, 1939). 

349. When working in artificial light, two 
factors affect the readings of the meter in 
opposite direction. Out of doors, the accep- 
tance angle of the meter covers as a rule some 
portion of the sky, and tims the average 
brightness measured is higher than that of the 



EXPOSURE 


subject proper. In artificial light, on the other 
hand, the edges of the field are often poorly lit, 
and are thus less bright than the main subject. 
It is thus necessary to reduce the time of 
exposure obtained to at least one half and per- 
haps even one quarter of that indicated by the 
meter if the ceiling is dark (J. Eggert and A. 
Kfister, 1940). 

When the meter is used to determine directly 
the brightness of the principal object by means 
of the method outlined in the previous para- 
graph, the discrepancy between the spectral 
sensitivities of the cell and the emulsion means 
that the exposure time indicated is too short. 
This effect is greater the greater the difference 
in the spectral sensitivities, i.e. increasing in the 
order panchromatic, orthochromatic, blue-sensi- 
tive emulsions. 

350. A photo-electric exposure meter can be 
used as an illumination meter, determining the 
exposure time by the illumination incident 
upon the scene. With this method, the illumi- 
nation of, say, a shadow region would be 
measured by placing the meter into the shadow 
region facing the camera lens. Again, this 
method requires the meter to be specially 
calibrated. The illumination value should be 
multiplied by the reflectivity of the surface 
under consideration in order to obtain a value 
for its brightness. The reflectivity can be found 
easily by comparison with a calibrated grey 
scale. The brightness value so found can then 
be used to obtain the exposure value, using a 
table or nomogram obtained by systematic 
experiments. 

Photo-electric illumination meters, actually 
calibrated in foot-candles, are used in cine 
studios in order to make certain that the illumi- 
nation in the shadow regions is above the mini- 
mum necessary for detail to be shown adequately 
under the operating conditions chosen. 

Again for cinematographic work, a brightness 
meter has been used which allows the brightness 
of a very small area an5rwhere in the scene to be 
determined with great accuracy. A reflex 
view-finder equipped with a high-aperture lens 
throws an image of the scene on to a ground- 
glass screen, in the centre of which is marked 
a ^uare of side 1/8 in. By pressing a button the 
mirror is thrown out of the way and the image 
of the small area chosen falls on to a sm^ 
aperture in front of a. photo-emission cell. If a 
sodium cell is chosen, its spectral sensitivity 
is nearly equal to that of a panchromatic mate- 
rial. IluB photo-current is amplified and fed 
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into an indicating instrument calibrated in 
brightness units (F. C. Whalen, 1935). 

Because of the different requirements of 
reversal (colour) materials, "high-light" meters 
have recently become more popular. With these 
the sensitive surface is covered by a piece of 
opal material. The cell effectively measures the 
illumination falling on the opai material; in 
other words, it measures the brightness of an 
artificial high-light. The resulting exposure will 
then ensure that a high-light will have the same 
constant density in the transparency. 

351. Coupled Exposure Meters and Cameras. 
A. Watkins (1904) has suggested for a visual 
extinction exposure meter to be coupled to the 
camera adjustments, i.e either to the shutter 
or the diaphragm, taking care also of the sensi- 
tivity of the emulsion. This scheme has been 
applied to hand-and-stand cameras since 1926, 
the meter often being combined with the view- 
finder in order to save time. Instruments utiliz- 
ing photo-emission cells inside cin 4 cameras 
have been employed by R. E. Naumann (1926) 
to measure the average brightness of a scene. 

As soon as the photo-voltaic meters were 
developed they were coupled to still and cine 
cameras. Various methods of coupling have 
been suggested. With the mechanical method, 
the act of setting the camera adjustments 
operates a pointer which has to be brought 
into opposition to the needle of the meter; 
with the electrical method, both camera ad- 
justments are connected to a variable resistance, 
in the cell circuit and are moved until the indica* 
tor needle is opposite to a fixed mark. With yet 
another method, the setting of the camera 
varies the positon of a diaphragm or a set of 
flaps in front of the cell, thus altering the amount 
of light reaching the cell. Again, the adjustments 
are altered until the nee^e coincides with a 
fixed mark. « 

Numerous modifications of these principles 
have been suggested and made : thus the shutter 
rele&e may be blocked until the setting is 
correct : the device may be calibrated so as to 
show whether there is still a chance of a success- 
ful exposure, even when the needle cannot be 
made to coincide with the fixed mark. 

Coupled exposure meters are clearly most 
efficient only if the needle is visible either in 
the view- or the range-finder. Ingenious solutions 
have been found for the problems involved in 
cameras with interchangeable lenses. 

352. Automatic Camtf a Control by Photo- 
eioc^ Cells. £;}q>erimental devices have been 
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produced (C. 0 . Raab, 1929) which control 
automaticahy the diaphra^ of a cin 4 camera 
by means of a photo-emission or photo-conduc- 
tion cell, both of which require an external 
source of electricity. No practical successes 
were achieved before the arrival of the photo- 
voltaic cell ( 0 . Riszdorfer, 1930). 

As a rule, it is the diaphragm which is con- 
trolled automatically, after the shutter speed 
and the film sensitivity have been set on a 
slider. These settings modify either the current 
by varying resistances in the cell circuit, or the 
amount of light reaching the cell, or even the 
sensitivity of the galvanometer by varying a 
magnetic shunt. The galvanometer coil may 
itself vary the diaphragm, or more often, the 
position of a stop which limits the travel of the 
diaphragm setting so that it cannot be closed 
below the diameter necessary for correct 
exposure. The energy necessary to close the 
diaphragm down to the stop may be derived 
from the film transport mechanism, the setting, 
or the release of the shutter. The diaphragm may 
then be returned automatically to its fully 
open position after the exposure is completed. 
(J. Mihalyi, 1936). 

When a colour filter is used, the photo- 
current should be reduced ; one of the methods 
of achieving this is to reduce the cell area by 
means of a fixed diaphragm which is part of 
the mounting of the filter. 

Some method of uncoupling the automatic 
feature is usually provided for for exposures 
under very poor lighting conditions. 

353. Light Integrators. Natural light and 
even artificial light is subject to continuous 
fluctuations due for example to voltage changes, 
to insufficient control of arc lamps, or to the 
variations in time before metal vapour lamps 
reach equilibrium conditions. For these reasons, 
readings on an exposure meter may be of little 
value and an integrator for the light may be 
required, in particular if exposures are long, 
such as in photo-mechanical work, or if exposures 
must be reproduced exactly, such as for tri- 
colour separations. 

For this purpose an actinometer may be 
used (§ 343), held next to the document to be 
reproduce, the exposure time being either 
equal to the actinometer time or being a 
certain multiple of that time; we shall deal 
below in some detail with these methods of 
copying (Chapter XLVIII). 

The more modem types of integrators utilize 
a photo-voltaic (H. Geftken & H. Richter, 1930) 


or a photo-emission cell. The photo-current pro- 
duced by a pre-set total amount of light received 
by the light-sensitive organ actuates a relay, 
which either closes a shutter, switches off the 
lamps, or causes a visible or audible signal to be 
emitted. It is interesting to note that already in 
1899 J. Poliakoff had described an instrument 
working upon similar principles. He arranged a 
photo-conduction cell behind a photographic 
plate carrying a print-out emulsion. By means 
of a relay, the photo-current kept the shutter 
open until the plate was blackened sufficiently 
to cut down the illumination on the cell and thus 
to close the shutter. As a curiosity may be 
mentioned the suggestion (L. Vidal, 1877) to use 
a Crooke radiometer as a light integrator by 
counting the number of revolutions. 

In the photo-voltaic integrators, a cell of 
large dimensions is used, which is so arranged 
that the current is at any one moment pro- 
portional to the illumination. The cell may 
either be connected to a micro-ammeter, when 
the instrument becomes an illumination meter, 
which can be utilized to check the evenness of 
illumination over the document or the scene. 
To serve as an integrator, the cell is connected 
to an electric counter requiring very little 
energy. The indicator of the counter moves over 
a scale graduated in metre-candle-seconds. 
When the indicator has reached a pre-set mark, 
a relay is operated. 

With integrators employing photo-emission 
cells, which are more complicated and more 
fragile, the photo-current is amplified and used 
to charge a condenser. When the condenser 
charge reaches a certain critical value, it dis- 
charges across a gas-discharge tube and electro- 
magnet, which causes a counter to advance by 
one unit. 

354. Calculating the Exposure Time. If B is 
the brightness of a small shadow area, within 
which detail should be distinguished, the illumi- 
nation E falling on to the corresponding portion 
of the photographic plate can be calulated as 
follows. The case of an object situated on the 
lens axis at infinity has been considered earlier 
(§ 89). If the area considered is situated on a 
secondary axis making an angle of 15° with the 
optic axis, its effective brightness is reduced by 
a factor of 0-87, and the effective aperture of 
the lens is reduced by a factor of 0*8 of its value 
on the axis. If now the transmission factor of 
the lens is 07, the illumination on the plate be- 
comes E = 0 87 X 0*8 X 07 X B/4n» = 0-38 B/n*. 

If the subject is situated at a distance m 
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times the focal length, the illumination should 
be multiplied by a factor (m — i)® w*, which is 
for example, 0-95 for m = 40. 

If we call £q the illumination which corres- 
ponds to the speed criterion adopted, the expo- 
sure time giving adequate exposure in the 
shadows of the scene is t = E^jE. This is the 
minimum exposure time which, except for 
subjects of wide tone range, might well be 
increased by a factor of 2'5, in order to take care 
of any lack of precision in the measurements 
of B, n, or t (L. A. Jones and H. R. Condit, 1941). 

355. Exposure Tables. Exposure tables and 
calculators indicate the probable time of expo- 
sure under conditions which, in so far as it is 
possible to define the state of sky and the 
characteristics of a subject by a few words, 
are comparable to those under which it is 
proposed to operate. They are, above all, 
useful to the beginner, who. in his first attempts, 
has no idea whether the exposure should be of 
the order of a second or of a minute. They are 
also of service to those who take up photography 
only occasionally, and therefore have no past 
experience to go by. We have already pointed 
out (§ 342) that the use of these exposure tables 
gives a probability of success about equal to 
that obtained by the use of certain types of 
visual photometers. 

Exposure tables indicate, in separate graphs 
or tables the values of the light at various 
periods during the year, and at various hours of 
the day for different conditions of the sky, the 
factors corresponding to the different lens aper- 
tures, and those applicable to the different 
classes of subject according to the probable 
illumination of the shadow (near scenes) or of 
the high-lights (distant scenes). In some tables 
the numbers taken from each of the tables are 
multiplied together, their product representing 
the probable time of exposure for a certain type 
of emulsion. In other tables the numbers are 
added (an operation which is much more easily 
carried out in the head), a hnal table then 
indicating, opposite each of the possible totals, 
the corresponding times of exposure (Additive 
Number Tables of E. Huillard and E. Cousin, 
1894). Finally, in other methods, the conditions 
relating to each of the factors are arranged along 
a scale or around a disc or circular calculator. 

An exposure table should only be used in the 
district for which it has been compiled, or at 
least for districts of the same latitude if due 
correction is made for the variation in time. 
Special attention should be paid to any possiUe 


discrepancies between “legal time” and solar 
time. Further, the tables are very unreliable 
in bad light. Usually they give no indication 
of the time of exposure necessary for interior 
work, for the variations likely to arise makes 
any attempt at description impossible. 

The exposure tables given here are calculated 
for the south of England. The values should 
be increased in the north and decreased in 
regions farther south. 

The curves in Fig. 26.2, which supply the data 
for use in the table headed Atmospheric Condi- 
tions, each refer to a definite height of the sun 
above the horizon. This may readily be deter- 
mined by measuring the length of the shadow 
cast on a horizontal plane by a stick one yard 
in length. Such values corresponding to this 
series of curves are given in the following table 
under their respective letters. It should thus 
be an easy matter to extend the use of these 
tables to other regions. 

Curve . . ABCDEFGHl 

Length of the shadow of 

a Stick one yard in length o 5 o-6 o-H i 1*5 2 3 4 6 yd 

356. The Exposure. Having determined the 
time of exposure, set the shutter to the “ sj)eed '' 
which approximates most closely to the required 
value. 

As a general rule, times of exposure exceeding 
i/io second cannot be given unless the camera 
is fixed on a tripod or some equivalent support. 
The beginner will be wise to refrain from giving 
any exposures exceeding 1/25 second with the 
camera held in the hands. 

When working with a hand camera, the 
elbows should be pressed firmly against the 
body to form a support for the forearms, and 
the breath should be held at the moment of 
releasing the shutter. Folding cameras can 
often be supported with one hand, the camera 
being^ supported in the crook of the arm. 
The other hand is thus left free for any other 
manipulation as, for example, the release of a 
flash. 

The beginner and those who are using a new 
camera for the first time, or a type of emulsion 
to which they are unaccustomed, cannot be too 
strongly advised to make a note of the exposure 
conditions (lens aperture, the time of day, 
exposure-meter reading or description of the 
atmospheric conditions, colour filter used, time 
of ex^sure), in order that any errors which 
arise may be readily corrected in the future. 
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Fic. 26.2 Curves of Equal Light-values 
(Greenwich Mean Time) 


It is also advisable, Mrhen taking con- 
secutive photographs of a series of subjects 
which cannot be readily identified, to note 
down any necessary information concern- 
ing each subject. This will avoid confusion 
in identifying the negatives. 


Exposure Tables 

In Fig. 26.2 read the letter on the curve 
which passes nearest to the point cor- 
responding to the date and the time. Then, 
in Table I under this letter, read the 
number which corresponds to the atmo- 
spheric conditions (thus, ist May at 4 p.m., 
curve F\ sunshine, strong shadows, 4). 
Now, in Table II take the number referring 
to the particular type of subject (for ex- 
ample, group in the open: 10). In Table 
III find the number corresponding to the 
size of aperture (lens at //6*3: 13). Finally, 
add these three numbers together, 4 -f 10 
-f 13 = 27, and, in Table IV, read the 
time of exposure opposite this total (i/ioo 
of a second). 


TABLE I 

Atmospheric Conditions 


Curve (hour and date) 
Sunsbiue, stronii shadows 
Hazy Kun, weak shadows 
Cloudy, light 
Cloudy, dark 


A 

B 

C 

D 

£ 

F 

r. 

H 

0 

0 

1 

2 

3 

4 

5 

7 

2 

3 

3 

4 

5 

<• 

7 

9 

3 

4 

5 

ft 

7 


9 

II 

8 

9 

10 

II 

12 

>3 

1.5 

17 


N.^. The first line should only be used for very open 
subjects (panoramas, marine views, etc.) where the 
foreground is of no interest ; in all other cases, use the 
second line instead. 


TABLE II 
Subjects 


Marine or snow scenes, no foreground o 

Open landscape, no foreground .... 3 

Ships on the sea, beach scenes, glaciers and rocks 5 
Landscapes with foreground .8 

Portraits and groups in the open, wide streets and 

squares 10 

Landscape with dark foreground, shady courtyards, 

narrow streets 13 

Portraits and groups in the shade .15 

Under trees, light 18 

Under trees, dark 24 


TABLE III 
Diaphragm 



0 

FIa 

. 9 

FIH 

• ‘5 1 

Fj22 

• 24 

FH . 

3 

FI^-5 

. 10 

Fji) 

. lO 

^/45 

• 27 

Fll . 

0 

F/50 

. 1 2 

Flu 

. 18 

■ 30 

f/3-5 • 

7 

F/fa .3 

• 13 

F/iO 

1_1*J 


• 33 


N,B, For very near subjects, increase the total 
obtained by i to 6 units (the latter increase applies to 
the case of a small object reproduced in natural size). 


TABLE IV 


These exposure times apply to fast orthochromatic 
and medium speed panchromatic film. 


Total 

Time of P!xposure 

Total 

Time of Exposure 

13 

1/2500 of a sec. 



14 

1/2000 „ 

47 

I sec. 

1.5 

1/1500.. 

50 

2 „ 

>7 

1/1000,, 

53 

4 .. 

20 

1/500 

56 

8 

24 

1/200 „ 

59 

16 

27 

i/ioo .. 

62 

32 .. 

30 

1/50 

65 

I min. 

33 

1/25 „ 

68 

2 .. 

37 

i/io 

71 

4 .. 

40 

1/5 .. 
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CHAPTER XXVII 

DESENSITIZING OF PHOTOGRAPHIC EMULSIONS 


357. Use of Coloured Developers. Carey-Lea, as of photographic emulsions (reduced to i/5oth 
far back as 1877, showed that after immersing or i/iooth of the original value) after they had 
a photographic plate in ferrous oxalate developer been bathed for about i minute in a pure 
it was possible, without risk of fog, to illuminate solution of diaminophenol-hydrochloride of from 
the darkroom much more brightly than would 0*02 to 0*05 per cent strength, although no 
have been possible during the handling of the reduction in the latent image resulted from this 
same plate when dry. This effect was attributed treatment. An analogous effect may be obtained 
to the orange-red coloration of the developer, by the addition of this product to a hydro- 
and little attention was paid to it, since the quinone developer; it was soon recognized that 
emulsions were so insensitive that in all cases a this desensitizing was due to traces of oxidation 
bright illumination could be used. products, which are rapidly formed by the action 

About 1889 various attempts were made to of the air on dilute solutions of this developer, 
introduce into photographic practice the use It has since been recognized that ferrous 
of developers which had been coloured red by oxalate developer is also a very efficient desensi- 
the addition of certain dyes, these dyes being tizer. 

subsequently destroyed in an acid fixing bath 359. Desensitizers. During further experi- 
(coralline, croceine). The method, however, was ments on this phenomenon, Liippo-Cramer dis- 
not successful, since the dyes transmitted both covered, several months later, the remarkable 
blue and violet light. In 1900 A. and L. desensitizing properties of phenosafranine, a 
Lumi^re and A. Seyewetz, with the same object violet-red dye of considerable colouring power, 
in view, recommended the use of an orange- It was soon shown that the desensitizing pro- 
coloured compound, magnesium picrate, which parties of phenosafranine are possessed by 
allows the development to be observed at a various safranines and, in varying degree, by 
distance of about 18 in. from a candle or at different substances of similar constitution, 
about 5 ft from a lo-watt lamp, provided The red colour of some of these substances might 
development is sufficiently rapid and the plate lead to the supposition that the protection 
remains covered by a depth of developer of from fog is due to the absorption of the active 
about \ in. If these distances are doubled, it radiations by the dye impregnating the emul- 
is possible to remove the negative from the bath sion. This is not the case, however, for the 
and examine it very quickly by transmitted efficiency of these desensitizers is practically 
light. This method of working, although it as great with panchromatic as with ordinary 
afforded interesting demonstrations, was not emdsions, and, secondly, a sensitive plate 
used in practice. exposed behind a cell containing a solution of 

358. Loss in Sensitivity of Emulsions Impreg- the dye, even in concentration greater than that 
naM with Developer. After the use of organic used for desensitization, and under a layer of 
developing agents had become general, it was greater thickness than that of the developing 
frequently pointed out that after the developing bath, develops an intense fog. This is due to 
bath had tWoughly impregnated the emulsion the fact that the red safranines absorb very 
a considerable lowering of sensitivity took place, Uttle of the violet radiations. It was discovered 
which could not be explained in these cases by not long afterwards that certain violet dyes 
any coloration of the bath. In zgoi Liipp^ belonging to the safranine family were capable 
Cramer carried out some experiments in this of acting as efficient desensitizers, 
direction (using the different developing agents) The first experiments were carried out with 
and discovered that this action occurred with i : zoo solutions, in which the sensitive plate 
nearly all the most common developers (with was bathed for i minute. At the end of this 
the exception of hydroquinone), both in plain time the darkroom may be illuminated as 
and alkaline solutions, and that sulphite tended brightly as required, provided the blue and 
to reduce the effect. In 1920 the same worker violet radiations are absorbed a yellow or 
found a very marked reduction in the sensitivity orange filter. A y^ow li^t source of feeble 
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intensity, such as a candle or petrol flame, may 
be brought quite close to the dish in which the 
development is taking place, and it is even 
possible to examine the negative by transmitted 
light as frequently and for as long as required 
during the course of development. 

Almost immediately it was shown that 
desensitizing could be brought about even with 
the much more dilute solutions of i : 20,000 and 
1 : 50,000, so long as moderate intensity of illu- 
mination is observed in the darkroom, either as a 
bath before development or in the developer itself. 

With either of the two methods of desensi- 
tizing, safranine prcN^ents or reduces considerably 
the development fog, so that it is possible, 
when necessary, to extend development beyond 
the limits usually fixed by the growth ot the 
fog, and also to use a much more alkaline 
developer. Finally, hydroquinone developer, 
which works somewhat slowly in the normal 
state, acquires almost the properties of a rapid 
developer, such as metol. 

The only defect of safranine is its strong 
staining action, which causes a considerable 
coloration of the fingers (more particularly 
the nails) and of the gelatine, especially if it 
has been used in the concentrations which were 
first recommended. The coloration of the 
gelatine is removed for the most part during the 
subsequent manipulations and the washing, any 
defects in this last process being very clearly 
shown by the unequal coloration of the 
different parts of the plate. This coloration, 
however, even when it is fairly intense or 
irregular, does not affect printing adversely, 
and may therefore be ignored. 

The most useful employment of desensitizing 
is emphatically with panchromatic plates. 

All desensitizers are not, however, suited to 
all emulsions which are panchromatic, or sensi- 
tive to infra-red, probably owing to reactions 
between the colour sensitizers and the desensi- 
tizer. The effect of a given dye on a given 
emulsion varies greatly from one spectral region 
to another. 

Many contradictions may be noted in publica- 
tions on the properties of desensitizers owing to 
the use in experiments of impure or wrongly 
labelled products. A large number of substances 
which are energetic desensitizers in plain aqueous 
solutions are unusable in practice, the desensi- 
tization being annulled or decreased during 
^vebpment by the action of one or other of 
the components of the developer; tests of a 
desensitizer must therefore indude a practical 


development test in an abundance of yellow 
light (Miss F. M. Hamer, 1931). 

360. The desensitizers are all weak oxidizers. 
They can destroy or considerably diminish 
the latent image in a solution containing also 
an acid and bromide, the silver formed by 
light being re-converted to silver bromide. This 
may be demonstrated (Luppo-Cramer, 1924) in 
the following way. If a uniformly fogged 
plate is treated with a solution containing a 
desensitizer and potassium bromide and is 
then dried without rinsing, it will give, on 
subsequent exposure, a direct positive image 
because destruction of the latent image formed 
in the fogging exposure occurs where the plate 
receives a second exposure in the presence of 
the oxidizing desensitizer. This phenomenon is 
sometimes described as “sensitized Herschel 
effect" (§ 209). 

On the other hand, it has been observed 
(Luppo-Cramer, 1934) that, with certain rapid 
emulsions, an intensification of the latent image 
occurs when the desensitized emulsion is 
exposed to yellow or green light. Desensitiza- 
tion is not effective towards X-ray exposures. 

The latent-image destruction that occurs on 
exposing the desensitized emulsion is brought 
about most efficiently by red and infra-red 
radiation, and for this reason it is unwise to 
use a red light for the inspection of desensitized 
material. Although a yellow safelight screen 
usuaUy transmits red and infra-red light, the 
extension of the transmission into the yellow 
and ^een parts of the spectrum, to which the 
eye is relatively more sensitive, allows the 
total amount of light to be reduced, without 
inconvenience, so that the amount of red light 
transmitted becomes small. 

Latent-image destruction occurs if there is a 
long delay between desensitization of the 
emulsion and its subsequent development. 

The mechanism of desensitization has not 
yet been completely worked out. Many sub- 
stances that act as desensitizers for silver 
bromide emulsions behave as sensitizers for 
silver-iodide emulsions (these silver-iodide 
emulsions being only of theoretical interest). 
Again, a number of cyanine dyes that are used 
in silver-bromide emulsions as sensitizers 
tow^ds red light exert on the same emulsion 
a slight desensitizing action with respect to 
blue light. Certain substances that act as 
^sitizers are converted to desensitizers by the 
inclusion of a nitro (— NOJ group in the molecule. 
It may be stated, however, that a substance 
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will act as a desensitizer only when it is adsorbed 
to the silver halide grain. 

The investigations of V. Sihvonen (1928) and 
of E. Bauer (1928) on the mechanism of photo- 
chemical reactions lead to the view that the 
light energy received by the silver bromide 
is transferred to the desensitizer and that only 
the desensitizer is reduced. Under normal 
conditions the reduced desensitizer would be 
directly regenerated by atmospheric oxidation. 
This affords an explanation of why a very .small 
quantity of desensitizer can protect a relatively 
large quantity of silver bromide during a pro- 
longed exposure of low intensity, while the 
degree of protection is reduced for exposures 
of high intensity, and no ])rotection at all is 
afforded in the absence of oxygen (M. Blau and 
M. Wambacher, 1934. and M. Blau, 1935), as, 
for example, in a high vacuum or in an inert 
atmosphere. 

361. The discovery of desensitization led a 
number of experimenters to seek further desensi- 
tizers both among the compounds already known, 
especially those dyes whose chemical constitu- 
tions were similar to those of the safranines, 
and the desensitizing oxidation products of 
developers, and among new substances that 
were specially prepared. 

Two inorganic substances have been found to 
have desensitizing properties, mercuric cyanide 
(H. Meyer and R. Walter, 1926) and iron 
nitrososulphide, NaFc4 (NO)7S3 (J. Duclaux, 
1935). but are of little practical interest. Mer- 
curic cyanide causes an appreciable destruction 
of latent image and often gives rise to an 
intense fogging. 

Besides the safranines, to which reference 
has already been made, a number of dyes were 
found to have desensitizing properties, for 
example, rhoduline red, auramine, chrysoidine, 
fuchsine (Liippo-Cramer), methylene blue, etc. 
However, the desensitizing action is often 
accompanied by other, undesirable features 
which limit the practical value of the substance. 
The following list includes those desensitizers, 
which, as well as the safranines, have been found 
to be of practical use. 

Aurantia (A. and L. Lumi^re and A. Seyewetz, 
1921) is one of the few desensitizers which can 
be added to a hydroquinone developer without 
precipitation. Its desensitizing action is not 
very powerful and, used at a concentration of 
0*2 per cent, it stains the gelatine an orange- 
yellow colour. Care should be taken when 
using this desensitizer not to allow even a 


dilute solution to come into contact with the 
skin since it has been found to cause dermatitis. 

Pinacryptol Yellow was introduced in 1922 
by R. Schuloff and E. Koenig. It consists of the 
methylsulphate of i -methyl-2 (3-nitrostyryl) 
-6-ethoxyquinoline which yields a slightly 
coloured but non-staining solution. It is very 
energetic as a desensitizer, particularly when 
used with panchromatic plates, but it cannot 
be added to developer^ containing sulphite 
since this decomposes it. 

Pinacryptol Green (B. Homolka, 1925), or 
1 : 3-diamino-phenyldiazonium hydrochloride, a 
deep green solution that does not stain. As a 
desensitizer it is as effective as the safranines 
with respect to non -colour sensitive emulsions 
and is slightly better than the safranines for 
many . panchromatic emulsions, but it gives 
rise to some veil even on developing in total 
darkness. It is not recommended for use when 
development is to be carried out in a very 
alkaline developer, in which case the gelatine 
becomes irregularly stained a deep grey colour. 
The solution of pinacryptol green should not 
be exposed to daylight. 

Pina-white (B. Wendt, 1928) is a colourless 
desensitizer that is used in a concentration of 
0*2 to I per cent usually together with 4 per 
cent sodium sulphite and 0*2 per cent potassium 
bromide. It consists of anthraquinone 1:7 
disodium sulphonate. It is more active than 
saf ranine on panchromatic emulsions, and can 
be used in the developer without any precipita- 
tion. It sometimes gives rise to some veil. 

Qualitol (J. D. Kendall, 1937) which is the 
methyliodide of diquinalylethylene gives a 
slightly coloured solution that does not stain. 
It is a very efficient desensitizer for panchroma- 
tic emulsions and does not cause fog. 

Among other sensitizers which have been 
described but which do not appear' to have been 
made commercially are the azocyanines (F. M. 
Han^r, 1924) and the non-staining isopheno- 
sairanines (I. G. Farbenindustrie, 1927). 

362. Desensitizing Practice. The inspection 
of an image during development is often 
considered desirable in order to alter the time of 
development when the brightness range of the 
subject is greater (or less) than average, or 
when doubt exists as to whether the exposure 
given in the camera was correct. However, 
the level of illumination permissible during the 
development of a panchromatic emulsion is 
quite inadequate to allow any useful examina- 
tion of the image. Thus, it is only by desensi- 
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tizing that this inspection can be made possible. 
Desensitizing offers, moreover, the advantage 
that the possibility of the incidence of aerial 
fogging is reduced. 

An ideal desensitizer should possess the follow- 
ing properties. It should completely remove 
the sensitivity of the silver bromide emulsion 
without attacking the latent image and without 
causing veil. It should be sufficiently soluble 
to allow a stock solution to be prepared, prefer- 
ably without the aid of solvents. It should be 
stable both in the dry state and in solution, and 
its desensitizing power should not be appreciably 
reduced by the various chemicals usually found 
in developers. It should be compatible with 
the dye in the antihalation backing. The 
desensitizing solution should allow a large 
number of plates or films to be treated in 
succession and, after fixation the desensitizer 
should be readily removable by washing, hence 
it should not adsorb to gelatine. It should not 
be toxic and it should be readily obtainable at a 
reasonable price. 

363. The term desensitizing power is applied 
to the ratio of the sensitivities of an emulsion 
measured before and after desensitization. This 
ratio varies according to the type of emulsion 
used and, for the same tyj^e of emulsion, accord- 
ing to the spectral value of the light used in 
making the measurement. For example, on 
treating in the same way different non-colour- 
sensitive plates 0 . Bloch (1933) found that the 
degree of desensitization increased as the 
average diameter of the emulsion grains became 
larger, the desensitizing power rising from 230 
for a fine grain emulsion (average grain diameter 
0‘2/i) to 3i5oo for a rapid, coarse-grained emul- 
sion (average grain diameter 0-94^). The 
oxidation products of developers usually have 
only a negligible influence on the colour sensi- 
tivity. ftobably as the result of reactions 
between the colour sensitizing dye and the 
desensitizer, the effect of a given desensitizer 
often varies when used on panchromatic and 
inira-red plates of different manufacture, and 
the various desensitizers vary considerably in 
their effect on a given emulsion. The colour 
sensitivity is ususdly reduced more than the 
natural sensitivity. Thus under working con- 
ditions where, for a given panchromatic emul- 
sion, the desensitizing power is about 100 for 
white light, it is possible to reach 1,000 in a 
particular spectral band. 

For the same emulaon and the same desensi* 
tizer, the desensitizing power is approximately 


proportional to the amount of the desensitizer 
adsorbed per unit area of the emulsion. The 
adsorption of the desensitizer to the surface of the 
silver bromide grains is shown by the fact that 
washing an emulsion after desensitizing decreases 
the desensitizing power but does not reduce it 
to unity. It has been found in one series of 
experiments that the desensitizing power in- 
creased from 3,500 to 6,000 when the time of 
immersion in the desensitizer was prolonged 
from 2 to 70 minutes. The increase in desensi- 
tizing power was very rapid at first and then, 
after 5 minutes, very slow. The use of a more 
concentrated solution allows the same result 
to be obtained in a shorter time of immersion, 
but it is still necessary for the desensitizer to 
penetrate right through the emulsion layer. 
The rate of desensitization is increased on 
raising the temperature and, on the other hand, 
it is decreased when the emulsion is strongly 
hardened. 

Irregular results have been frequently obtained 
in desensitizing plates having an anti-halation 
underlayer containing manganese dioxide, or 
“self -screen’' orihochromatic plates, by reason 
of a reaction between the desensitizer and the 
manganese dioxide or the acid dye constituent 
of the yellow filter embodied in the “self- 
screen" emulsion. Again, anomalous results 
have been found on developing desensitized 
plates and films when amidol is used for develop- 
ing. 

364. Desensitization may be carried out before 
or during development, the desensitizer being 
used in a pre-bath or added to the developer, 
providing that the desensitizer is compatible 
with the developer. It has been noted above 
that many desensitizers may not be added to 
developers containing a polyphenolic develop- 
ing agent because of a more or less rapid 
precipitation, depending upon the concentrations 
of developer and desensitizer. The chemical fog 
that appears on plates, even when developed in 
total darkness, seems to be connected with the 
tendency of the desensitizer to precipitate and 
is, thus, always more intense when desensi- 
tizing is carried out during development than 
when it is effected by means of a pre-bath. At 
equal concentrations the desensitizing power is 
greater when the desensitizer is used in the 
developer than when it is used in a pre-bath, 
but it should be noted that the concentration 
should be considerably less in the former case. 
In many cases desensitization affects the activity 
of the devdoper and notably the shape of the 
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curve showing the value of gamma as a function 
of the time of development. The appearance of 
the image is usually more rapid, but the total 
development time is increased. T. H. James 
(ig39) found that safranine and other basic 
dyes increase the rate of development in solu- 
tions containing developing agents whose speed 
of action is decreased by sulphite (e.g. hydro- 
quinone, chlorhydroquinone, pyrogallol, glycin) 
and are without appreciable effect on developers 
whose action is accelerated by the addition of 
sulphite. In the case where the desensitization 
is carried out in a pre-bath, the fact that the 
emulsion is swollen with water tends to retard 
the appearance of the image. 

Desensitization is in general ineffective on 
emulsions that are physically developed prior 
to fixation (§484). Probably the desensitizer 
adsorbed to the silver bromide is displaced by 
the soluble silver salt contained in the physical 
developer. 

365. Desensitization may be carried out 
either by a light that is safe for the material 
being used or, preferably, in total darkness. 
The light that is to be used for inspecting the 
desensitized plate should not be turned on for 
at least two minutes. Five minutes’ desensitizing 
should be given in the case of very rapid 
panchromatic emulsions. Since these times 
are the least that may be given when the desensi- 
tizer is used in the developer, development in a 
rapid developer would already be far advanced 
by the time that the inspection light is turned 
on and this would reduce the effectiveness of 
the method in the case of a serious over- 
exposure. The light used for the inspection of 
the desensitized material should be green, 
bright yellow, orange, or light red. A green 
light should be avoided when using a red 
desensitizer and vice versa because in both 
cases the desensitized material would appear 
almost black. 

In all cases where, for example, in order to 
reduce the danger of the formation of air- 
bells, the sensitive material is pre-soaked before 
development the desensitizer may be added to 
the pre-bath. It has been si^gested (K. 
Wiebking, 1921) that the desensitizer be incor- 


porated in an anti-halation backing layer 
which would dissolve in the first solution into 
which the plate or film is placed. 

The desensitizer is dissolved to make a 
stock solution that may be diluted according 
to requirements. The formation of moulds in 
the dye solutions can be avoided by the addition 
of a very small amount of disinfectant, such as 
Sunoxol, that would be harmless to the developer 
or to the emulsion in the very small concentra- 
tion that is used. For example, a dye desensi- 
tizer for use as a preliminary bath at a con- 
centration of 1 : 5,000 may be made by diluting 
one part of the following stock solution with 24 
parts of water — 

Water to make . 1000 ml 

Dcsensitizer . . . 5 g 

Sunoxol . . . . 1-2 ml 

The desensitizing bath may be repeatedly 
used. It should be filtered to remove any solid 
matter that accumulates, e.g. dust, deposit 
from hard water, and, in the case of pinacryptol 
green, a deposit formed by the coagulation of a 
part of the dye by potassium bromide dissolved 
from the desensitized plate. This solid matter, 
if it is not removed, will cause spots where 
particles adhere to the emulsion. The bath may 
be maintained at almost constant activity for 
quite a long time by topping it up to a constant 
level with a solution that is slightly more 
concentrated than the initial bath. 

There is no point in rinsing the desensitized 
plates or films before transferring them to 
the developtT. 

Various ways have been suggested for the 
removal of the red safranine stain that remains 
in the gelatine after fixing and washing, a step 
that is usually unnecessary. However, one can 
bathe the film or plate in dilute (i per cent) 
nitric acid or, better, in the coldest possible 
I per cent solution of sodium nitrite containing 
al^t^i per cent hydrochloric acid. In this 
latter *case the safranine is converted to a 
violet diazonium compound that can be readily 
washed away. This treatment causes a slight 
reduction of the image that is, however, usu^y 
imperceptible. 



CHAPTER XXVIII 

THE DEVELOPMENT OF THE NEGATIVE IMAGE 


366. Physical and Chemical Development, image will be formed partly by physical develop- 
Physical development, exclusively used for wet ment. The silver that is reduced from the 
collodion plates, has never b^n generally developer is deposited on the walls of the tank 
used for gelatine-bromide emulsions. It is used or dish and forms a fine sludge that settles slowly 
occasion^y for scientific purposes, and there on the bottom of the vessel, 
has lately been some interest in the method for 367. The developer is always, in the chemical 
obtaining miniatur' negatives of very low sense of the term, a reducing agent. But not 
granularity. all reducing agents can be used as developers. 

Chemical development in a solution of pyro- Some reducing agents would indiscriminately 
gallol made alkaline by the addition of ammonia convert the exposed and unexposed silver halide 
or by an alkali carbonate, used first in 1862 for grains to silver, while others, on the other hand, 
dry coUodion plates, has been used for gelatine- would not be sufficiently powerful to act even on 
bromide dry plates since their first appearance, the exposed grains. Within the limits of redi4C~ 
Subsequently, ferrous oxalate (Carey-Lea, 1877) Hon potential between which a reducer may be 
became frequently used in the early days of employed as a developer, the degree of exposure 
organic developers. of the grain has an influence. Grains which 

In physical development, which involves a received only a small exposure can be developed 
homogeneous chemicad reaction, the developing by the more energetic developers but not by 
agent reduces a soluble silver salt that is added those of higher (i.e. less reducing) potential, 
to the developer, and the silver that is formed is Similarly, the developing solutions that may be 
deposited on the latent image nuclei, usually in prepared starting with the same developing agent 
a light-grey form. The silver halide grains of can show appreciable differences in their action 
the emulsion take no important part in the depending upon their composition, concentra- 

development which can be carried out after fixa- tion, and temperature. 

tion, if desired, i.e. after the removal of the If the emulsion speed of a material is deter- 
silver halide. mined by exposing a number of sensitometric 

In chemical development, which involves a wedges under identical conditions, and develop- 
heterogeneous reaction, the silver bromide of the ing them in different developers, it is generally 

grains that are affected by the light is reduced found that, in a given developer used at constant 

in situ. The silver grain that is formed usually temperature, the value of the speed increases at 

appears black by virtue of its porous structure, first with the time of development. The speed 

The structure of the developed grain has been passes through a maximum at an optimum value 
compared with that of a lump of coke, but photo- of the gamma, and then decreases on greatly 
micrographs made with the aid of the electron- prolonging the time of processing. When a num- 
microscope (Hall and Schoen) have shown that ber of fili^ or plates are successively developed 
the chemically developed grain consists of a in a limited volume of developer, the maximum 
tangled mass of very fine silver ribbons that is emulsion speed steadily decreases even though 
often referred to as seaweed.*’ In normal the time of development is increased so as to 
development the filamentary particle of silver is obtain the same gamma value each time. The 
confined within the mould tliat the original silver maximum speed values obtained in different 
halide grain formed within the gelatine and hence developing solutions using the same developing 
when viewed at the ordinary power of the optical agent vary considerably, but the variations are 
microscope the developed grain usually seems to even greater when different developing agents 
preserve the shape of the undeveloped grain, are compared, and, above all, when the speeds 
The developers used for the chemical develop- obtained by chemical development are compared 
ment usually contain a silver halide solvent, with those obtained by ph3rsical development. 
Thus, unless the chemical development is rapid, In order to illustrate this point, and although 
part of the silver lialide from the emulsion dis- the numerical values are only valid for the actual 
solves ki the developer with the result that the emulsion used (a slow, lantern-slide emulsion), 

*38 
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the relative values of the maximum speed 
obtained by E. R. Bullock (1927) in various 
developers are given in the following table. 


Chemical Development 
Metol ..... 2-4 
Amidol . 19 

Metol-hydroquinone (1:1) 15 

Metol-hydroquinone (1:2) . 1-5 

Paraminophenol • i ’3 

Hydroquinone .11 

Ferrous oxalate . i-o 

(llycin ..... O'Q 
Pyrogallol . .0*7 

Physical Development before Fixing 
Metol (after iodizing) .0-4 

Metol (without iodizing) . .0*2 

Hydroquinone . o-i6 

Physical Development after Fixing 
Metol in acid solution 0*2 

Paraphenylenediamine in sul- 
phite solution . o-iQ 


A similar comparison, made only for the 
chemical development of some rapid emulsions 
(I..uppo-Cramer, 1921) gave the following result. 

(ilycin ... .1*0 

Metol-hydroquinone i- 75-2-1 

368. A number of experimenters (notably 
K. Schaum and V. Bellach, 1901, S. E. Sheppard 
and C. E. K. Mees, 1906, W. Scheffer, 1907, M, B. 
Hodgson, 1917, T. Svedberg, 1922, L. F. David- 
son, 1925, W. Meidinger, 1935) have attempted 
to follow, under the microscope, the course of the 
chemical development of emulsion grains. Cine- 
photomicrographs of developing grains have also 
been made (C. Tuttle, E. P. Wightman, and 
A. P. H. Trivelli, 1927, and H. Frieser, 1939). A 
certain delay is found between the instant that 
the developer reaches the grain and the time 
that the development sets in. This delay is 
known as the induction period. The grain 
darkens at first at a few points (latent-image 
silver specks, corresponding generally to the 
locations of the sensitivity specks) on the surface 
of the grain. Development spreads from these 
faints until the whole grain becomes blackened. 
Fig. 28.1, after Hodgson, shows the appearance 
of some grains at various stages of their develop- 
ment. The magnification is about x 1,350 
diameters. Some grains would not develop, what- 
ever the exposure. Any one grain could either 
be entirely developable or entirely non-develop- 
able. However, the entirely developable grains 
were not always completely developed at the 
instant of stopping the development. 

17— (0.3630) 


During development the grains more or less 
swell out, more so as the energy of the developer 
is increased. Grains developed in a developer of 
feeble reduction potential are more compact 
and exceed the volume of the initial crystal less 



if 

Fig. 28.1. Silver Bromide Grains at 
Various Stages of Development 

than those that are developed in a solution of 
higher reduction potential. In a very dilute 
metol-hydroquinone developer the structure of 
the developed grain is sufficiently open to trans- 
mit light, because of the filamentary structure 
referred to above. When development is carried 
out by paraphenylenediamine it is to a large 
extent physical because of the marked solvent 
action of this agent on silver bromide, and the 
reduced silver forms compact, crystalline plates. 
The swelling of grains on the energetic develop- 
ment of an emulsion layer having the usual con- 
centration of silver bromide results frequently 
in a clumping together of neighboifring grains, 
thus increasing the granularity of the image. 

In developers containing a silver-halide sol- 
vent, and particularly in those developers con- 
taining a high concentration of sulphite, the 
non-developable grains, especially the smaller 
grains which are known to be less sensitive, dis- 
solve and the silver resulting from the reduction 
of the soluble silver complex is deposited on the 
grains in the course of development. The de- 
formations of the developed grains are due partly 
to this effect and partly to forces exerted by the 
gelatine. 

369. In a given developer; the grains all 
develop in approximately the same time once 
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development has set in. But the development 
sets in only after an induction period that is 
greater for smaller exposures to light. However, 
the induction period is also considerable in the 
region of solarization. The average time of 
development of the individual grains increases as 
the developer is diluted. 

As a result of the existence of this variation 
in the initial phase of development between 
grains belonging to different parts of the image, 
the size of the grains, when development is 
stopped at a low gamma, represents a fraction 
of the size of the parent silver halide grain ; the 
size of the fraction depends upon the degree of 
exposure. For example, in an experiment of 
Sheppard and Mees on a step-wedge developed 
in dilute ferrous oxalate developer, the mean 
diameter of the grains was l oi// in the step 
that had received an exposure of i metre-candle- 
second, and was 1-82 fi in the step that received 
22 metre-candle-seconds. This difference de- 
creased as development was more prolonged. The 
mean diameter of the developed grains becomes 
independent of exposure when development is 
carried out until gamma infinity is reached. 

When development is stopped at an interme- 
diate value of gamma the grains are finer in the 
depths of the emulsion layer than on the surface, 
these lower grains having been reached by the 
developer having to diffuse to the greater depth. 
When the gamma value is a maximum, i.e. at 
gamma infinity, no difference is found between 
grains on the surface or in depth. 

The number of grains developed per unit area 
of the emulsion layer increases with the exposure 
(except in the region of solarization) and is 
approximately proportional to the resulting 
density. 

570. The shape and size of the silver grains 
that make up a physically developed image bear 
no relation to the shape and size of the parent 
silver halide crystals. The induction period is 
negligible when compared with the total develop- 
ing time, and the fmal size of the silver grains 
depends only upon the time of deposition of 
silver, this size being the same for both fine- and 
coarse-grained emulsions (A. and L. Lumi^re 
and A. Seyewetz, 1924). At the start of develop- 
ment the silver particles are so small that neither 
their shape nor their size can be determined. 
Later, they are found to consist of hexagonal 
crystalline tablets. On extending development 
up to 48 hours, the diameter of the crystals can 
reach 2*5 ft in paraphenylenediamine (the bath 
changed every hour) used after fixation. 


371. Reduction-oxidation Potentials. In the 
most general sense of the term, the oxidation of an 
ion (§293) means the inctease of its positive 
charge, while reduction refers to the inverse 
phenomenon. For example, the oxidation of 
ferrous to ferric ions involves the transfer of an 
electric charge of 96,490 coulombs for each 
gramme equivalent. This oxidation may be 
effected by oxygen or by a substance that can act 
as a source of oxygen, but it can also be effected 
without the intervention of oxygen, the requisite 
charge being accepted by silver ions which are 
then converted into neutral atoms of silver. This 
last reaction is reversible, in the sense that an 
atom of silver can give up an electron (negative 
charge) to a ferric, ion, becoming a silver ion in 
the process— 

Fe++ -f Ag+ 5± Fe'*-++ -(- Ag 

Ferrous ion Silver mn F'crric ion Silver atom 

Readers who are not acquainted with the 
terminology of electro-chemistry should note 
that in equations of this type the positive signs 
indicate, according to their number, the lack of 
negative chai ges (i.e. electrons) . Positive charges 
cannot be transferred from one ion to another 
because they belong to the atomic nuclei. It is 
the electrons, or negative charges, that are trans- 
ferred leaving behind a greater net positive 
charge on the oxidized ion. 

Imagine that a voltaic cell is set up using two 
liquids, a partially oxidized ferrous solution and 
a dilute solution of potassium bromide saturated 
with silver bromide, these being separated by a 
porous membrane. A platinum electrode is 
placed in the iron solution and a silver electrode 
is placed in the other. The electro-motive force, 
E.M.F., of this cell would be the difference 
between the electrical potentials that exist 
between each electrode and its electrolyte, that 
is, between the silver and the solution of silver 
bromide on the one hand (Ea*) and between the 
platinum electrode and the solution of the reducer 
(ERed) on the other. If Eaj is greater than ER^d 
a current would flow from the platinum electrode 
to the silver electrode if they were connected by 
a wire and silver ions would be reduced to silver 
in one compartment and some of the ferrous 
salt would be oxidized to ferric salt in the other. 

Such a cell is never set up in reality. The two 
half-cells are compared, separately and in turn, 
with a standard reference half-cell to which is 
arbitrarily assigned a zero potential in much 
the same way as one refers to the temperature 
of melting ice as being zero degrees on the 
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Centigrade ^ale. The st^dard reference elec- The curves of Fig. 28.2 show the results, 
trode, to which the potentials of other electrodes obtained. Some pieces of the same film had been, 
are referred, is the hydrogen electrode, consist- uniformly exposed so that under normal condi- 
ing of platinum in contact with hydrogen gas. tions the developed density would have been 
The potential of any real or imaginary cell about 3*0. The pieces of film were developed for 
would be the difference, therefore, between the a short time in an energetic developer so as to 
potentials (referred to the hydrogen electrode) obtain a density of 0*82. The strips were bathed 
of its two electrodes. for 20 hours in the experimental ferrous-ferric 

The value of Exp thus measured at i8°C in solutions, after which they were fixed. The 
a 0 01 N solution of potassium bromide, i.e. curves show (I) the densities of the areas of the 
0-119 which is about the concentra- pieces which had received the preliminary 

tion usually found in developers, is 0-202 
volts. ^ 

In order that in this case the silver q 
bromide should become reduced to silver 
it is necessary that the potential Eap 2 
should be greater than ERed, or in other 
words the reduction-oxidation potential 
Eked of the platinum electrode in the | 
solution of the reducer should be lower 
(more negative) than 0-202 volt. The re- 
duction-oxidation potential of a solution 
depends upon the relative concentrations 
of the reduced and oxidized forms ac- 
cording to the following equation— 28.2. Effect of the Reduction-oxidation 

^ ^ Potential of the Developer on Partly Developed 

„ _ 0*058 (Red.) Image (I) and on Exposed but Undeveloped 

ERed = Eq logio jQ-j- Emulsion (II) 

which is valid at i8°C. Red. and Ox. represent development and (II) the density of the area, on 
approximately the concentrations of the reduced each strip, that was treated only with the ferrous- 
and oxidized forms and n represents the number ferric solutions. 

of electrons transferred on oxidation or reduc- 373. In order to start development of a latent 
tion. In the case of the ferrous-ferric solution image on normally exposed silver bromide, the^ 
» = I. Finally, this equation given for the E.M.F., represented by Exg— ERed, must be 
reduction-oxidation potential holds only when positive and greater than a certain critical value 
the system is not affected by a change in pK. of approxim^itely 0*09 volt, or greater when the 
372. Using mixtures of ferrous and ferric exposure was very small. The solubility of small 
citrates and malonates, in the presence of o-oi N particles of silver increases when the dimensions 
potassium bromide, whose reduction-oxidation of the particles decrease and a solution wliich 
potentials (ERed) were at various values between is in equilibrium with large silver grains can 
0*10 to o*6o volt, W. Reinders (1934) found that attack agglomerates of only a few atoms. In 
a partially developed photo^aphic image con- order that silver may be deposited upon the 
tinned to develop in a solution for which ERed latent image it is necessary to increase the value 
w^ less than 0-2 volt, the difference Ea« — Ened of Exg — ERed considerably beyond the level 
being, of course, positive. Vi^en Exg was equal for which the solution is in equilibrium with the 
to ERed the partially devd<^ed image was relatively large grains of the developed image, 
unaffected. However, when ERed was greater M. Abribat (1935) found experimental evid- 
than Exg the partially developed silver image ence that solutions of all organic and inorg^c 
was partly reconverted to silver bromide. reducers whose .reduction-oxidation potentials 

Those parts of th^e test strips which had not were below this limit (o*i volt) were developers, 
received any preliminary development were He was thus able to develop images, though often 
bathed in the ferrous-ferric^ solutions and only of poor quality, in such widely diverse solutions 
developed in those solutions whose reduction- as; culture of anaerobic bacdlh, old red Burgundy 
oxidation potentials were below 0*110 volts, at wine, resorcinol pariiahy oxidized by ferriesranT 
which value EAf—Eiud» 0*090 volt. ide» leuco^bases of various dyes» and other 
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sabstances mentioned in the literature as having 
suitable reduction potentials. 

A consideration of reduction potentials pro- 
vides an explanation why silver-iodide emulsions 
are not developable in normal developers and 
why these developers must be restrained, by 
decreasing their effective reduction potential by 
the addition of potassium bromide, when they 
are to be used with silver chloride emulsions. 
The potential EAg of silver metal in contact with 
a o-oi N solution of soluble halide saturated with 
silver ions is — 0*023 volt in the case of potas- 
sium iodide and 0*34 volt in the case of potas- 
sium chloride. A ferrous developer that could 
just develop a latent image on silver bromide in 
the presence of 0*01 N potassium bromide 
would, as was mentioned above, have a re- 
duction-oxidation potential of 0*1 volt. Since 
this potential is greater than the Exg for the 
iodide system, such a developer could not develop 
silver iodide under the conditions stated because 
its potential would be too high. On the other 
hand its potential would be rather low for the 
development of a silver chloride emulsion and 
in this case an increased concentration of potas- 
sium bromide acts as a restrainer, limiting the 
indiscriminate reduction of silver chloride grains 
by decreasing Exg according to the equation 
{iSX)^ 

Exg = (o*o86 - 0*058 logig [Br-]) 

where [Br“] represents the concentration of 
bromide in the solution. 

J. Rzymkowski (1943) found that a solution of 
so&um anthraquinone-2-sulphonate at = 5 
would act as a developer for silver iodide 
emulsions but that it indiscriminately reduced 
botii exposed and imexposed silver bromide 
grains unless the pK was further lowered. 

374. These ideas are only rigorously applicable 
to oxidation-reduction systems that are rever- 
sible and in equilibrium, conditions which were 
closely approached in the work of Reinders that 
was descnbed above. These conditions are not 
usually met with in the case of developers 
compounded from organic developing agents. The 
direct measurement of the reduction-oxidation 
potentials of such developers is difficult (A. £. 
Cameron, 1939). In these cases- it is necessary to 
take account of the effect on the system of the 
pH of the solution. 

If an oxganic developing agent acts as a 
bivalent ion, as is most common, and suppos^ 
that the concentration of the ions remains 
constant during the action, the E.M.F. of the 


system may be approximately given by the 
equation — 

EAg - ERed = 0*086 - 0*058 logig [Br-] — Eo 

+ 0-029 logw + 0-058 - 

where the value of the constant term Eg depends 
upon the developer used. 

It will be seen that, as in the preceding case, 
the E.M.F. is decreased when the concentration 
of bromide in the developer is increased. The 
E.M.F. is increased by an increase in the 
pH value. It should be noted that the E.M.F. 
depends not upon the absolute concentrations of 
the components of the solution, but upon the 
relative concentrations. Thus there is no direct 
correlation between its value and the speed of 
development in practice. 

At equal reduction potentials, the ability of a 
developing solution to reveal details in the 
shadows of the image is independent of the 
developing agent used. V. Veidenbach (1934) 
established the equivalence of metol and par- 
aminophenol in this respect in developers also 
containing hydroquinone, by suitable adjust- 
ment of the alkalinity ; he used metol at 
= 0*6 and paraminophenol at pH = 10*15. 

At equal values of pH, two alkalis may be 
interchanged in a negative developer without 
affecting the properties of the fresh solution 
(H. Faerman and N. N. Schischkina, 1933). In 
positive developers, or in contrasty developers, 
at high pH values, a close relationship is not 
always found between the and the activity 
of the bath (J. G. Stott, 1942). 

375. Similar considerations have been applied 
to physical development by W. Reinders and 
M. C. F. Beukers (1939). The supersaturation 
of a developer with nascent silver is propor- 
tional to the difference EAg — Ened between the 
potentials of the silver and the developer. If 
Ag represents the concentration of silver in the 
supersaturated solution and Agg the normal 
solubility of silver — 

Ea, - Eiied = 0-058 log„ ^ 

It should be noted that when the silver salt 
dissolved in the developer is not in the form of a 
complex, and the concentrations of bromide 
ions [Br-] is extremely small, the potential Eaa 
is then much greater than in the case of chemical 
development. 

In order to ensure that the reduced silver is 
deposited smoothly the value Exg — Ermi should 
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not be too high. This value may be decreased 
by adding a substance that will form a complex 
with the silver ions thus reducing Ag and EAg, or 
by adding an acid to the solution, thus increasing 
ERed- 

376. The Mechanism of Development. The 

thermodynamical considerations that were dis- 
cussed above throw some light on certain 
aspects of the chemistry of development, but 
they provide no information about the interme- 
diate stages, or the mechanism, of the reaction. 
The first explanation of chemical development 
(W. Ostwald, 1893) held that silver ions, result- 
ing from the dissolving of silver bromide by the 
developer, are reduced in solution in the imme- 
diate vicinity of the grains and the silver atoms 
that are formed are deposited on the latent-image 
nuclei. This theory was generally accepted until 
recently. Meanwhile, however, Volmer (1921) 
had objected to this theory on the ground that, 
for example, in order to develop a 9 X 12 cm 
plate to a density of about i*o it would be neces- 
sary to dissolve about 20 mg of silver bromide in 
a few minutes, which can scarcely be the case in 
view of the low solubility of silver bromide. 
T. H. James (1939) has established that the 
Ostwald mechanism is contradictory to observa- 
tions made on the speed of development on the 
one hand, and the rate of reduction of silver 
ions on the other. In fact the rate of reduction 
of silver is neither proportional to the rate of 
solution of the silver halide into the developer, 
nor to the rate of reduction of the dissolved 
silver ions, nor to some product of these rates. 
Thus the development can result only from a 
reaction between the developer and the solid 
silver halide. 

The reduction of silver ions from solution does, 
however, play a very small part in the formation 
of the photographic image when the developer 
contains a silver bromide solvent, but is only 
secondary to the chemical development proper. 

377. The most commonly accepted theory is 
derived from a suggestion put forward by S. E. 
Sheppard and G. Meyer (1919) according to 
which the organic developing agent becomes 
adsorbed on the grains, and the silver of the 
latent image catdyses the reduction of the 
silver bromide. Various attempts that have 
been made to find experimental evidence of 
this selective adsorption have failed. A. J. 
Rabinovitch (1927-35) has modified this 
theory, holding that the developer is adsorbed, 
not by the silver halide, but by the latent-image 
silver, but the experiments upon which the 


hypothesis is based are not convincing. In the 
most usual case, in which the developing agents 
act in the form of negatively charged ions, such 
an adsorption would be hindered (G. Schwarz, 
1934) by the negative charge that exists on the 
surface of the grains by virtue of the excess 
of bromide ions that are adsorbed to the silver 
bromide crystals during their formation, these 
bromide ions forming a continuous sheath 
around the crystal, except over the silver latent 
image speck. 

The experiments of T. H. James (1939-45) 
have clearly established the fact that develop- 
ment is a reaction that is catalysed by metallic 
silver and which, starting with the silver ions 
of the crystal lattice that are in contact with the 
latent-image silver, is extended along the borders 
of the silver that is formed by the development. 
The developer ions can approach the grain where 
the speck of latent-image silver has decreased 
the negative charge barrier. 

It should be noted that physical development 
is also a reaction that is catalysed by silver, the 
reduction of the silver ions from solution being 
preceded by their adsorption on the latent-image 
nuclei or on the already partially developed 
image. 

The negative charge on the grains is reduced 
by the oxidation products of developers (H 
Staude, 1939) and by basic dyes whose positive 
ions neutralize the negative charge of the bro- 
mide ions. Again, the negative charge is always 
reduced in emulsions that have been colour- 
sensitized by dyes of the cyanine type. 

378. Quantitative Laws of Development. At 
the instant that development sets in, the rate of 
the reaction is very great. The rate of develop- 
ment is thus chiefly controlled by the smaller 
rates of diffusion of the developer up to the 
developing grains in the layer of gelatine and of 
the opposite difiusion of the oxida'tion products 
of the developer. 

ALany moment the rate of development (the 
rate of growth of the density) in the usual 
developers is approximately proportional to 
the number of undeveloped grains remaining 
in the area of the emulsion under consideration. 
It is thus proportional to the difference between 
the maximum density that would be reached 
after a very long development, and the actual 
density D — 

7 = if (Deo -D), 

the coefficient K, called the raU constant, depend- 
ing on both the emulsion and the developer. 
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Other things being equal, K decreases slowly in 
proportion to the age of the sensitive material. 
Sheppard and Mees (1907) found that, in the 
course of a series of experiments, for plates of 
the same batch, K decreased in 6 months from 
0*0203 to o-oioo. K varies from one brand to 
another, and from one batch to another of the 
same brand. Finally the rate constant varies 
from one developer to another and, for the same 
developer, it is proportional to the concentra- 
tion of the active ions. 

In the course of experiments on ferrous oxa- 
late at different concentrations, and on glycin 
developers with varying potassium carbonate 
content, A. von Hiibl (igoi) noted that the rate 
of development is proportional to the conduc- 
tivity of the developer. This finding is in good 
agreement with the fact, already mentioned, 
that alkalis may be interchanged at equal y>H 
values. 

379. The Induction Period. The curves that 
show the growth of density as a function of the 
time of development of a batcli of emulsion that 
has received a given exposure can be classified 
into four types. The shape of the curves in each 
type depends not upon the chemical nature of 
the developing agent, but on the electrical 
charge on the active species which may be either 
a neutral molecule or a single-, double-, or treble- 
charged ion (T. H. James, 1939). 

In the case of the phenylenediamines, which act 
as the neutral molecule, the rate of development 
is a maximum at the start of development and 
decreases as the time of development is extended. 
The curve is always concave towards the time 
axis,, 

in development by the aminophenol developers 
(metol, paraminophenol, paraminophenylglycin 
and by hydroxyl^ine, all of which act in the 
form of angle-charged ions, the rate of develop- 
ment rapidly increases to a maximum and then 
remains constant for a considerable period before 
ultimately decreasing. 

In the case of development by agents that act 
in the form of double-charged ions, e.g. hydro- 
quinone, pyrogallol, ferrous oxalate, glycin, and 
metolsulphonate, the rate of development is 
extremely small at the outset, and increases 
rai»dly only after a considerable delay. 

Hydroquinonesulphonate, which ^ves a 
trebk-chaiged devdoping ion, acts siimlarly to 
the hydroquinone group, but gives a much 
greater indt^on period. 

The absence of an induction period in develop- 
ment by the phenylenediamines is unaffected by 


the addition of soluble bromide to the developer. 
However, in the case of the other develops the 
induction period is increased by the addition of 
bromide, the increase being more marked as the 
negativity of the active species is ^eater. The 
appearance of tlie induction period is due to the 
negative charge barrier, the magnitude of which 
has been estimated as o*l volt, that surrounds 
each silver bromide grain as the result of the 
adsorption of excess bromide ions to the crystal 
surface. This negative barrier tends to repel 
negatively charged developer ions with a force 
proportional to the charge on the ion. Only 
those ions whose energy is sufficiently in excess 
of the average value can penetrate the barrier, 
which is smaller in the vicinity of the latent-image 
speck, at the start of development. As develop- 
ment proceeds the latent-image speck grows, 
thus locally reducing the potential of the barrier 
and admitting a greater number of developer 
ions. Thus development will be an auto-accelera- 
ting process for negatively charged developer 
ions and an induction period will appear. 

Another negatively charged zone surrounds 
each grain by virtue of the fact that the gelatine 
layer that is adsorbed to the grain carries a net 
negative charge when immersed in solutions of 
greater than the isoelectric point, which is 
the usual case in practical development. 

The induction period becomes shorter as the 
exposure, and the size of the latent image, is 
increased. 

If two parts of the same emulsion layer are 
exposed, part A at low intensity for a long time 
and part B at high intensity for a short time, so 
that they give equal densities on development 
to yoo, it is found (J. Cabannes, 1928, and P. 0 . 
Hoffmann, 1935) that part A develops more 
rapidly than part B. 

380. The equation given in § 378 may be 
stated in the following forms — 

log (Doo - D) = log Da, - 0*4343 K{t- ^ 
log (y® - y) = log y« - 0-4343 x (< - g 

where t represents the duration of development 
and tQ the length of the induction period. 

When the induction period is negligible, as 
when the Arithmetic Coefficient (§ 381) of the 
developer is at least equal to 15, one can, using 
the second formula, calculate the values of K 
and yoo if the values of the gammas (y^ and y,) 
that are reached after times of devdoptn^t 
A and such that t^ = 2^, are known (S. £. 
Sheppard and C. £. K. Mees, X907). Starting 
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from these values for K andy « the time of develop- 
ment required to reach any intermediate y value 
can be calculated for the same developer and 

X 



Fig. 28 3. Graphical Construction for y® 


for the same temperature from the following 
equations — 



you-yi 


yi 

- I _ 

. . loge (y - Vi) - loge ( y 00- Yt) 

~ ' K 

The same results may be obtained more simply 
by a graphical construction (W. Heydecker, 

1925). , . 

Finding y*. Mark off on a straight honzontal 
line a length AB (say lo o cm for convenience). 
At B erect a perpendicular and mark off lengths 
BC and BZ) proportional to y^ and y,. Draw 
straight lines from A through C and D. From D 
draw a line parallel to AB to cut AC in d. Draw 
from C towards A a line Cc parallel to A B and 
equal in length to Dd, Draw a straight line from 
A through c to cut the gamma ordinate at E. 
The len^ BE gives the value of yo, according 
to the scale ad^ted. 

To Jind K. The v^ue of K is given by the 
equation— 

K = -2-302 

h 


BA to meet AE at /. The desired time of develop- 
ment is given by the equation. 

It must be emphasized that these relationships 
are only approximate. The most certain way to 
develop a plate or film to a given gamma is to 
find experimentally the curve relating y and t 
for the particular batch of films or plates by 
developing them in the chosen developer at the 
temperature at which it is proposed to operate. 

381. The Arithmetic Coefficient of aDe^loper ; 
the Watkins Factor. The following rule was 
formulated by A. Watkins (1894) to provide a 
relationship between the time of appearance of 
the first details of the image (excepting the images 
of the sky and other obviously over-exposed high- 
lights) and the total time of development that is 
required to give a desired gamma value. For 
the rule to be applied it is essential that the 
negative should have been properly exposed 
within reasonable limits and that the composi- 
tion of the developer remains constant through- 
out the entire time of development. This last 
condition excludes developeip containing am- 



Gamma Value. 


On the graph already used to find y® draw the 
line AF in which F fixes the desired value of y. 
In the example in Fig. 28*4 the desired value ofy 
is taken as i*o. Draw fiW F a line paraUel to 


monia or other volatile ingredients, and i^ates 
or films that have been soaked in water or 
desensitizer prior to immersion in the developeri. 
The development time required to obtain a 
negative of a giveii g^unma value is detained by 
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multiplying the time of appearance of the image 
by a number which is practically constant and 
<£aracteristic of each developer. This number, 
or ofithmelic coefficient, is usually known as the 
Watkins Factor. 

Although the Watkins factor is affected by the 
emulsion, by the temperature, and by the com- 
position of the developer, it depends chiefly upon 
the developing agent used. Some inaccuracies 
are inevitable in its determination. Different 
observers assess the time of appearance of the 
image differently, and one observer repeating 
the experiment undf^r other conditions of safe- 
lighting often obtains somewhat different results. 

This method of development control is 
obviously applicable only to emulsions that can 
be developed by a bright safe-light, such as non- 
colour sensitive and orthochromatic materials. 

382. The Watkins factor always has a greater 
value for developers for which the induction 
period is short or nil, than for developers that 
give a long induction period. Any circumstance 
that reduces the induction period, such as the 
addition of basic dyes or traces of iodide, 
increases the Watkins factor. 

The values quoted for the Watkins factor 
relate usually to a gamma value of about 0*8. 

Developing agent Watkins Factor 

Hydroquinone (with sodium carbonate) from 5 to 7 
(the lower value applies to a 
strongly bromided solution) 

PyrogaUol from 4 to 18 

(the lower value corresponds to 
solutions having a high concentra- 
tion of pyrogallol and bromide) 

Catechol (pyrocatechol) ... 10 

Glycin (with potassium carbonate) 12 

PSTBiiunophefiol .... 16 

Amidol j8 

Metol (with sodium carbonate) . 30 

For developers containing several developing 
agents, the Watkins factor may be approximately 
arrived at by taking an average per unit weight 
of the developing agent. For example if a 
developer contains, per litre, x grammes of 
meted and y grammes of glycin, the Watkins 
Factor for the compound developer would be 
roughly — 

W F = ^ 30 ) + 0 ^ X 12) 

x-f-y 

This rule will not apply to developers that 
behave non*additively, for example metol- 
hydroquinone. 

, 383. The Various Ca use s of Fog. Negatives 
>are never entirdy free from fog. The fog, or 
veil, may be caused by exposure to light, by 


the storing of the sensitized materials under 
bad conditions, by the presence in the emulsion 
of spontaneously developable grains (chemical 
fog), or by the action of atmospheric oxygen on 
a developer- wetted emulsion (aerial fog). 

The density in the shadows of the image that 
is found as a result of flare from the lens (§ 60) 
or in an amply exposed negative, is not counted 
as fog. An attempt to obtain almost zero 
density in the shadows of the image leads invari- 
ably to a loss of shadow detail because of the low 
gradient of the characteristic curve on the 
extreme toe. 

384. Chemical Fog. All rapid emulsions 
contain a small proportion of developable grains 
(latent fog), which develop to a greater or less 
extent according to the composition of the 
developer. Examination under the microscope 
reveals some developed grains even in slow 
negative or positive emulsions that seem 
entirely free from fog. 

It is often impossible to distinguish between 
development fog and latent fog because the 
latter appears only on development and both 
are likewise restrained by the same agencies. 

It should be emphasized that rapid emulsions 
do not necessarily give the most dense fog, but 
the growth of fog on ageing (a fog which some 
authors have attributed to a very slow after-' 
ripening) is often shown sooner on rapid than on 
slower emulsions. 

The fog density is greatest in those areas of 
the emulsion that bear the least amount of image. 
Sometimes, in the case of an under-exposed 
emulsion that is also slightly fogged, the density 
of the shadow detail can be slightly lower than 
the fog density. It is well known that an 
unexposed plate always gives a greater degree 
of fog on development than a similar plate that 
has l^en exposed to light save on the area where 
the fog density is measured. These apparent 
anomalies are caused, as will be explained below 
in the section on development fog, by the soluble 
bromide, formed in the course of development 
of the image, retarding the CTowth of fog. 

In order to reduce the tendency of old negative 
materials to give chemical fog, J. Traill Taylor 
(1891) recommended prolong^ immersion in a 
dilute bichromate-sulphuric solution. This solu- 
tion dissolves latent-image and sensitivity specks 
on the grain surfaces and the speed of the 
material is considerably reduced, even after 
rinsing, bathing in dilute bisulphite, washing and 
drying. Liippo-Cramer (1923) found that all 
surface nuclei were destroyed on immersing 
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foggy plates and films for 3 minutes in a solution 
containing 


Paraphenylenediamine 
hydrochloride . . i g 

Ammonium bromide 25 g 

Acetic acid, glacial 12*5 ml 

Water to . . . i litre 


After washing and drying, the speed is much 
less reduced than by the bichromate treatment. 
The colour sensitivity is destroyed. This treat- 
ment does not destroy the internal latent image 
on exposed plates and these may be developed 
physically after iodizing or after fixing. 

385. Development Fog. For each emulsion 
there is a critical time of development in a 
given developer, after which the unexposed 
grains start to develop. This critical time is 
reduced at higher temperatures and is increased 
by the addition of an anti-fogging agent It is 
generally quite short for rapid negative emul- 
sions though the rate of growth of fog is slow. 
On the other hand in the case of slow, contrasty 
emulsions, the fog appears only after a high 
gamma value has been reached, and then grows 
rapidly. In all cases this growth of fog makes it 
necessary to limit the time of development and 
often adversely affects the correct rendering of 
shadow detail. 

The comparison of the tendencies of various 
emulsions to fog in a given developer, or the 
tendencies of the same emulsion to fog in various 
developers must always be made at equal values 
of gamma. It is generally found that the most 
energetic developers give the least fog. Thus 
there is no proportionality between the tendency 
to fog and the reduction potential. The ratio 
between the rates of growth of the image and 
the rate of growth of the fog has been called the 
selectivity (V. I. Shiberstoff, 1935) of the developer 
under consideration. This ratio varies from one 
sensitive material to another and with the 
temperature of the developer. 

For each developer there is an optimum 
value at which its fogging tendency is least. 
Dilution retards the growth of fog much less 
than the growth of the image ; thus the image 
is cleaner after development in a developer of 
moderate concentration than after development 
in a very dilute solution. 

When an exposed emulsion has received 
prolonged development, the covering power of 
the silver is found to be lower for the fog than 
for the image. When devdopment is extremely 
prolonged, there is formed in the non-image parts 
of the emulsion a dichroic fog which, intensified 


by the deposition of silver by physical develop- 
ment, can become sufficiently dense to trans- 
form the negative into a positive (A. P. H. 
Trivelli and W. F. Smith, 1940). 

Diverse observations indicate that the reduc- 
tion of silver ions from solution in the developer 
plays a major role in the formation of fog. 
Among other factors the addition of a silver 
bromide solvent to the developer often increases 
the fog. 

The presence in the developer of a number of 
impurities, particularly traces of tin salts 
(§ 278) or of sulphides (§ 410) will give rise to fog. 
The fogging influence of copper salts is reduced 
when the developer contains a relatively high 
concentration of sulphite. The very dense fog 
sometimes found in development by hydro- 
quinone has been attributed by Rzymkowski 
(1928) to the action of an intermediate oxida- 
tion product. 

386. Anti-fogging Agents. The presence of a 
soluble bromide in the developer inhibits the 
growth of fog more than that of the image. In 
fact, the bromide inhibits the formation of 
development nuclei on the unexposed grains. 
Once the nuclei of reduced silver are formed on 
the unexposed grains, their development, as 
fog, proceeds at the same rate as the development 
of the exposed grains (T. H. James, 1942). The 
fog-inhibiting influence of bromide is particularly 
effective in the case of developing agents of high 
reduction potential. However, large concentra- 
tions of bromide can increase the fog density, 
expecially in pyrogallol developer. 

Because of the fact that all emulsions are 
stabilized by potassium bromide which is im- 
parted to the developer (except when a pre-bath 
is used), and that a soluble bromide results from 
the reduction of silver bromide, a used developer 
always contains more bromide than it did when 
fresh. The used developer also contains a trace 
of iodide, resulting from the simultaneous 
reduction of the silver iodide that is usually 
present in bromide emulsions. Most of the 
soluble iodide created in this way reacts at 
once with the undeveloped silver bromide form- 
ing silver iodide, while a very small proportion 
diffuses into the developer (M. L. Dundon and 
A. E. Ballard, 1930). This provides an explana- 
tion why a u^ developer gives less fog than a 
fresh developer containing the same, or a slightly 
greater, concentration of bromide. 

Since the addition of bromide to a develop^ 
causes a loss in emulsion speed, especially in 
the case of developers having a low reduction 
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potential, there has been some attempt to 
replace it by otlier agents that do not decrease 
the sensitivity so much. Of the numerous agents 
that have been suggested the following may be 
mentioned : the thioanilides (S. £. Sheppard and 
£. Hudson, 1927) ; 6-nitrobcmzimidazole nitrate 
(P. Wulff, 1927), which Trivelli and Jensen 
(1931) have shown to be effective in a concentra- 
tion of 1:25,000, causing only a slight loss in 
speed, though it is unstable in a warm developer ; 
the thioglycolic and thiolactic acids ( 0 . Mathies 
and B. Wendt, 1928) ; aziminoparanitrobenzene 
(A. Seyewetz, 1932) : metabenzyhdenerhoda- 
nine (G. Schwarz, 1935); various acetylenic 
substances including propargylic acid (W. Kleist, 
1936) which are particularly active in very alka- 
line developers; and various indazole deriva- 
tives, for example, 5-nitroindazole or 5-aminoin- 
dazole hydrochloride (W. D. Peterson and R. M. 
Evans, 1939). 

387. Aerial Fog. When a film or plate 
saturated with a developer containing hydro- 
quinone is allowed to come into contact with air 
for some time during the course of development 
a dense fog may appear. This fogging was a 
particular nuisance in the development of roll- 
films and of cinematograph films that were 
woimd on drums which dipped into a shallow 
trough of developer. It was suggested by E. 
Fuchs (1924) that this fog was caused by 
chemi-luminescence occurring during the oxida- 
tion of hydroquinone and for this reason could 
be overcome by desensitization. 

The work of T. H. James established that this 
fog could not be attributed to chemi-lumines- 
cefice because in this case the effect would be 
most marked on rapid emulsions, which was not 
the case. Neither could the fog be due to the 
fonnation of hydrogen peroxide in the course 
of the, oxidation of the developing agent, another 
source which had been claimed. In order to 
obtain the same effect as that produced by the 
action of the air, the concentration of hydrogen 
peroxide in the developer would need to be many 
thousands of times greater than could be pro- 
duced by the oxidation of the developer. The 
aerial fog appears to be caused by the formation 
of an unstable peroxide as an intermediate in 
the oxidation of hydroquinone. The formation 
of this fog is inhibited by desensitizers, the 
oxidation products of pyrogallol„and especially 
by ethylenediainine at a concentration of 0*03 
per cent. The aisrial fog is more severe when the 
devdoper is more sdkaline. Its density varies 
with the sulphite concentration and is a maxi- 


mum when the sulphite concentration is equal 
to that of the hydroquinone. It increases with 
the bromide concentration, and is considerably 
enhanced by thiocyanates and by traces of 
copper salts. 

388. The Distribution of Fog in the Image. 

In many cases where it is desired to know the 
photographic density that has resulted from an 
exposure, e.g. to the image of a star, it is impor- 
tant to be able to differentiate between the 
density corresponding to the image proper and 
the fog density. The fog density is not uniform 
over dl the densities of the image. The fact 
that on prolonging development the gamma 
passes through a maximum (yoo) and then 
decreases shows that the rate of growth of fog 
is greater in regions where the image density is 
lower. The rate of growth of fog is decreased 
in the higher image densities because of the 
greater concentration of exhausted developer, 
containing bromide and iodide and ha\ing a 
lower pY{, that is formed in the vicinity of the 
already developed image grains. As a rough 
approximation the fog density at a given point 
in the image may be considered to decrease in 
proportion as the image density increases. 

Various formulae have been proposed (R. B. 
Wilsey, 1925; S. E. Sheppard, 1926; H. A. 
Pritchard, 1928) in order to calculate what the 
densities of an image would have been in the 
complete absence of fog. The application of 
these methods of correction is somewhat involved 
and their validity has never been strictly estab- 
lished. 

389. Effect of Dilution of the Developer. An 
extremely short development cannot be con- 
trolled and a developer must be the more dilute, 
the lower the gamma at which development is to 
be stopped. In a rapid developer, the value of 
the gamma increases very rapidly, especially at 
the start, and it is very difficult to stop develop- 
ment at a given gamma. Moreover, the develop- 
ment would continue to an appreciable extent 
even though the film or plate were placed in an 
acid stop bath after removal from the developer. 

A. H. Nietz and R. A. Whitsdcer (1926) found 
that on diluting a highly concentrated developer, 
and increasing the time of development in propor- 
tion to the degree of dilution, the gamma values 
that were obtained first of all increased, passed 
through a maximum, and then steadily decreased. 

In some developers the reduction of emulsion 
speed caused by bromide depends more upon 
the absolute concentration of the bromide 
rather than upon its proportion relative to the 
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other constituents of the solution. Thus the 
dilution of a bromided developer often tends to 
limit the loss in emulsion speed. 

K. ChibisofE [and V. Cheltzoff (1929) found 
that, on developing in each case to the same 
gamma, the emulsion speed was not affected by 
dilution. The drawbacks associated with the 
use of a very dilute developer are on the one 
hand an increased tendency of the bath to give 
development fog, and, on the other hand a rapid 
exhaustion. This exhaustion is, moreover, mani- 
fested locally in a very dilute, fresh bath by a 
depression of the higher densities. This results 
in a modification of the characteristic curve so 
that wliat would be the upper part of the 
straight-line portion in the case of normal 
development becomes rounded off into part of 
the shoulder. This effect of dilution is sometimes 
used with advantage in order to reduce the 
overall density range of the negative without 
adversely affecting the shadow details. The 
exhaustion of a diluted bath is particularly rapid 
when the bath is agitated vigorously in contact 
with air, or when the dilution is carried out using 
air-saturated water. When diluting solutions 
containing the usual organic developing agents, 
it is better to use a plain sulphite solution rather 
than water (McIntosh, 1899). In this way the 
salt concentration is not unduly diminished and 
this prevents the over-swelling of the gelatine 
that leads to reticulation. 

P. C. Smethurst (1939) found that a developer 
containing a high concentration of sulphite, 
and made alkaline with trisodium phosphate, 
needed to be diluted between 5 to 10 times 
before the time of development was doubled. 
The ionization of the phosphate was depressed 
by the high concentration of sulphite and on 
dilution the pR of the solution would remain 
steady, or might even increase, before ultimately 
falling. 

390. The Distribution of the Image in the 
Thidmess of the Emulsion La^. The same 
workers who made microscopical studies of 
the individual grains of a dilute emulsion (§ 196) 
have also studied the distribution of the grains 
of the image in the thickness of the emulsion 
layer. This distribution is affected by a number 
of factors among which are (a) the transparency 
of the emulsion layer with respect to the actinic 
light (h) the direction of the exj>osure, whether 
direct or through the support, (c) the ratio 
between the s^eds of development and of 
penetration of the developer, (d) various treat- 
ments which can prevent the development of 


the latent image in the surface layer of jthe 
emulsion. j 

After partial development, the depth to which 
the image extends into the emulsion is almost 
independent of the exposure. On increasing the 
degree of development, the thickness of the 
image approaches a maximum for each degree 
of exposure. The density continues to grow after 
the maximum thickness is reached. This maxi- 
mum thickness increases as the exposure is in- 
creased, providing that the exposure does not 
become great enough for solarization to appear, 
S. E. Sheppard and C. E. K. Mees (1904) found 
that the thickness of the image on a step-wedge 
ranged from 15*8^ at a density of 0*20, to 26*5// 
at a density of 076. Using a developer that was 
effective throughout the thickness of the 
emulsion layer, it was often found that some 
isolated large grains were found at a level deeper 
than the others, these more rapid grains having 
been affected by an exposure that was too small 
to cause the neighbouring grains to develop. 

The distribution of the image in the thickness 
of the emulsion has a bearing on the action of 
bleaching, or photographic reducing solutions, 
particularly on those which act most on the 
surface layers of the emulsion (§§555"^^)* 
The same density can be obtained on two simi- 
larly exposed pieces of the same film, one piece 
being developed for a long time in a dilute 
developer and the other for a short time In a 
concentrated developer. In the first case the 
image is formed by the incomplete development s 
of ah the developable grains, and in the second 
case by the complete development of the grains 
in the surface layers of the emulsion. The average 
diameter of the grains, and thus the granularity, 
is less in the first case than in the second. 

When an emulsion layer is exposed to X-rays, 
the latent image is uniformly distributed through 
the depth of the emulsion because of the high, 
penetrating power of the radiation. In this case 
the distribution of the fully developed image 
does not depend upon the conditions of develop- 
ment. 

Since gelatine, strongly absorbs light in the 
far ultra-violet region of the spectrum, this 
radiation does not penetrate very deeply into 
the emulsion thickness. The degree of absoip- 
tion increases as the wavelength decreases. Thus 
the maximum contrast obtainable on a given 
emulsion (at y«) decreases with the wavetogth 
of the light u^. 

In 01^ to reduce the contwtiness of an 
emulaon, especially when imddng duplicates 
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in the motion picture industry, a blue-sensitive 
emulsion is us^ that is dyed yellow to limit 
the penetration of actinic light (J. G. Capstaff, 
1924). Suitable dyes for this process, which will 
readUy wash out, are tartrazine or naphthol 
yellow. The dye is applied by bathing the film 
in a 1 per cent solution of the dye, briefly rinsing 
and drying. Using such films, a further reduc- 
tion in the contrast can be obtained by using 
ultra-violet light. 

In the case of a plate or film that has been 
exposed through the support, the layers of the 
emulsion close to the support, and which received 
the greater exposures, are reached by developer 
that is already partially exhausted and loaded 
with bromide as a result of development of the 
surface grains. After an equal time of develop- 
ment in the same developer, a plate exposed 
through the support is less dense than a plate 
that is exposed directly, through a sheet of glass 
of the same thickness as the support, and the 
developed grains occupy a smaller thickness of 
the layer. The number of grains developed per 
unit area of the emulsion is less in the case of 
the emulsion exposed through the support. The 
image exposed through the support appears on 
the outer surface of the emulsion only in the 
most dense parts (S. £. Sheppard and C. £. K. 
Mees, 1904). 

391. A method of depth development, that can 
be used in developing over-exposed negatives, 
has been described by G. Balagny (1903). A 
solution of amidol with sodium sulphite will 
develop normally, but on adding bisulphite to 
such a solution the image appears first in the 
layers of the emulsion close to the support and 
devdopment spreads slowly towards the free 
surface of the emulsion but without reaching it. 
As the amidol solution diffuses through the 
emulsion, the gelatine, by virtue of its ampho- 
teric character, reacts with some of the bisul- 
phite ions, reducing the acidity of the solution 
sufficiently to allow it to develop in the depth of 
the layer. 

A similar result was obtained in a different 
way by W. Kleist (1936) by saturating a caustic 
hydroquinone developer with acetylene. A small 
concentration of acetone was used to increase the 
solubility of the acetylene. When this solution 
was used, the silver bromide in the surface layers 
of the emulsion was rendered non-developable 
by conversion into silver acetyhde. 

S. £. Shei^>ajd and C. £. K. Mees (1907) 
no^ that d^elofment by solutions of organic 
devdoping agents is slowed down by the addi- 


tion of small quantities of thiosulphate, and they 
attributed this finding to development being 
confined chiefly to the depths of the emulsion. 
H. D. Murray and D. A. Spencer (1937) confirmed 
this view by comparing under the microscope 
the results obtained on yellow-dyed plates (§ 390) 
some of which were exposed normally, the others 
being exposed through the support. The silver 
bromide in the surface layers had been trans- 
formed into a non-developable complex. The 
same authors obtained analogous results by 
adding to the developer other salts that trans- 
formed the silver bromide into a difficultly 
developable form, for example potassium iodide 
or potassium cyanide. The effect of potassium 
iodide in this connexion provides an explana- 
tion of the influence of iodide in minimizing the 
appearance of abrasion marks (Liippo-Cramer, 
1914) since such marks are confined to the sur- 
face of the emulsion. Sodium thiosulphate, at 
a concentration of about o*i per cent, has been 
used for the same purpose. 

392. The treatment of a plate or film, after 
exposure and before development by a very 
dilute solution of potassium bichromate, weakens 
the latent image and reduces the maximum 
gamma value (y®) that can be obtained (J. 
Sterry, 1904). This phenomenon, which is known 
as the Sterry effect, is sometimes applied when 
making copies with a material that is too 
contrasty for convenience (§ 67b). If the bichro- 
mate solution is acidified or is used at a greater 
concentration, and is allowed to act for only 
a very short time, the latent image on the grain 
surfaces is entirely destroyed on the grains in the 
surface layers of the emulsion. The results are 
similar to those that would be obtained by using 
a surface-acting reducer on the developed image 
(S. E. Sheppard and C. E. K. Mees, 1907). 

393. The Effect of Soluble Bromide on the 
D^eloper. In the early days of the gelatine- 
bromide emulsions the developers always needed 
a comparatively high concentration of bromide 
in order to retard the growth of fog. The subse- 
quent improvements that have been made in the 
manufacture of these emulsions which are stabi- 
lized by the inclusion of a small amount of 
bromide, and the appearance of better develop- 
ing agents, make it often useless to add bromide 
to the developer. It is important to keep the 
bromide concentration down to the minimum 
because of the loss in sensitivity that it causes. 
The full lines in Fig. 28.5 show the characteristic 
curves of a sensitive material developed for 
2 and 8 minutes in a developer without bromide. 
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The broken lines show the characteristic curves 
for similarly exposed samples of the material 
developed for the same times in a part of the 
same developer after adding a moderate concen- 
tration of bromide. The dotted curves similarly 
show the effect of a high concentration of bro- 
mide. For each time of development the slope of 
the curve, determining the contrast, has not 
been altered by the addition of bromide. The 



Fig 28.5. Action of Bromide 
IN Development 


depression of the curves by the addition of 
bromide means that shadow detail that would be 
recorded on development in the bromide-free 
developer becomes lost, to a greater extent as 
the concentration of bromide is increased. More- 
over, as the point (^ 4 , B, and C) about which 
the straight-line portions of the curves pivot, 
becomes further depressed, a greater loss of 
shadow detail will be suffered as the gamma at 
which development is terminated is lowered 
(regression of the inertia). 

A. H. Nietz (1920) claimed that the depression 
of the points of intersection (^ 4 , B, C in Fig. 28.5) 
w^ proportional to the logarithm of the bro- 
mide concentration, and that the point of inter- 
section WM depressed perpendicularly. A. P. H. 
Trivelli and E. C. Jensen {1931) found that the 
depression was greater for X-ray exposures. 
This fact has been attributed to the more uni- 
form distribution of the X-ray image through 
the depth of the emulsion, the deeper parts of 
the image being reached only by partially 
exhausted (more bromided) developer. 

The induction period is usually increased on 
adding bromide to the developer. 

If the development of a negative is started in 
a non-bromided developer and is continued in a 
bromided developer, or conversely, the results 


are intermediate between those which would 
have been obtained had similarly exposed nega- 
tives been developed throughout, to the same 
gamma, in the bromided and non-bromided 
developers respectively. Thus, the effect of 
bromide is not permanent, as it would be if 
bromide partially destroyed the latent image 
(J. I. Crabtree, H. Parker, and H. D. Russell, 
1933 )- 

The use of a bromided developer often extends 
the range over which the brightnesses of the 
subject can be correctly reproduced by the 
sensitive material (W. Romer, 1934). 

By preventing, or considerably retarding, 
the growth of fog, a comparatively high con- 
centration of bromide in an energetic developer 
allows development to be pushed further than in 
a non-bromided developer, thus enabling the 
maximum contrast to be obtained when it is 
possible to sacrifice some emulsion speed, as, 
for example, in cop5dng. 

394. The various developing agents react 
differently towards the influence of soluble 
bromide. In the same way that the power of a 
vehicle can be judged by the effect of a rising 
gradient on its speed, so can the reduction 
potential of a developer be evaluated with suffi- 
cient accuracy for practical needs by the effect 
of a given concentration of bromide on its rate 
of development (R. Abegg, 1899 ; A. H. Nietz, 
1922). 

The influence of bromide has been attributed 
to a reversibility of the development reaction, a 
reversibility which, under the usual conditions of 
use, is only found in the case of ferrous solutions. 

At the time when it was believed that 
chemical development proceeded by a reduction 
of silver bromide that had previously passed into 
solution in the developer, it was thought that 
soluble bromide acted by reducing the solubility 
of silver bromide in the developerl Later this 
theory became confined to the reduction of fog 
by bromide in the case in which the fog is due 
to physical development in addition to chemical 
development, (§366). The influence of soluble 
bromide is readily explained by the theory of 
development bas^ uj^n the idea of oxidation- 
reduction potentials (§§371-5) and upon the 
adsorption of the develoj^r to the silver bromide 
grains. On the one hand, by decreasing the 
reduction potential of the devdoper, the bronude 
increases the minimum size of the developable 
latent image, preventing the development of 
the less expoM grains (a mechanism suspected 
by G. Bre^ in 1895). and on the other hand it 
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inhibits the adsorption of the developing agent 
(at least, if a negative ion) to the silver bromide 
grains. 

Contrary to an opinion that is sometimes 
expressed, soluble chloride, no matter in what 
concentration, cannot be substituted for soluble 
bromide, even in the case of the development of 
silver chloride emulsions in the normal developers 
(E. Weyde, 1933). 

All the effects found on adding soluble bro- 
mide to a developer are, obviously, also to be 



I'lG 28.6, Effect of Bromide Generated by 

THE Development Process on Moving Film 

(Streamers.) 

observed in a used developer because its bromide 
concentration would be increased while tlie de- 
veloping agent concentration would be decreased. 

595. The Effect of Waste Products of Develop- 
ment. When the developer, that has been 
partially exhausted by the reduction of the 
silver halide in an exposed part of the emulsion, 
diffuses out of the gelatine it is denser than the 
surrounding solution and tends to descend 
vertically if it is not prevented from doing so 
by the agitation of the bath. These descending 
currents have been observed by following the 
movements of cotton fibres suspended in the 
solution (E. R. Bullock, 1922) and have been 
photographed directly (A. Haelsig and F. Luft, 
1933). A simple experiment (J. I. Crabtree and 
C. E. Ives, 1926) shows the troublesome conse- 
quences of the streaming ot partially exhausted 
developer. A plate was given a low, uniform 
exposure and was then heavily exposed behind 
a mask having a number of circular holes. The 
j^te yfm then developed in a vertical position 
udthout agitation. The resulting image is shown 
in Fig. 28.6. The background density is reduced 
below , ea^ .dense patch by the streaming of 
waste fu^odiieU which reduce the rate of devdop- 
lawit , .An . upwards streaming can be produced 


when the emulsion has been soaked in water 
prior to immersion in the developer. In this 
case the exhaustion products will be carried 
upwards by the convection caused at the surface 
of the plate by the dilution of the developer by 
the water in the emulsion. 

The streaming effect is greatest on emulsions 
that are rich in iodide. On the other hand, it is 
least on silver chloride emulsions (E. R. Bullock, 
1922). 

A used developer contains gelatine and gela- 
tine degradation products formed by alkaline 
hydrolysis which give rise to foam when the 
bath is agitated. Furthermore, the presence of 
the gelatine, etc., may result in the infection of 
the bath by moulds and by bacteria which 
attack sulphite, converting it into sulphide which 
gives an intense fog. 

396. When motion picture films were devel- 
oped after being wound on a rectangular frame 
that was immersed, vertically, in the developer 
tank, various rack marks appeared on the 
developed film. The density was a maximum 
where the film passed over the top lateral mem- 
ber of the rack and decreased from the top to 
the bottom of each strand, being a minimum 
where the film passed under the bottom lateral 
of the rack. 

Other irregularities due to the same cause are 
found on films developed on continuous process- 
ing machines in spite of the fact that the film 
moves through the bath at speeds ot 25 to 200 
feet per minute. The sensitometric strips, which 
usually consist of stepped exposures var5dng 
along the length of the film, and which are inter- 
posed between the rolls of film in order to assess 
the behaviour of the developer, give different 
characteristic curves according to whether the 
heaviest exposure precedes or follows the rest 
of the wedge (J. Crabtree and J. H. Waddel, 
1933). On uniformly exposed films, a steady 
decrease ip density can occur from the leading 
end of the film to the following end. These 
directional effects are particularly troublesome in 
the development of sound tracks for sound films 
by reason of the sound distortions to which they 
give rise. 

Finally, the local turbulence, caused by the 
passage of developer through the perforation 
holes, tends to sweep away the partially used 
developer that is in contact with the emulsion, 
and thus accelerates development, resulting in a 
small region of increased density. Since the 
sound track lies very close to the perforation 
holes, this local non-uniformity of development 
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will be superimposed upon it and the defect 
emerges as an audible note when the processed 
track is finally run through the projector. This 
defect is called perforation, or sprocket-hok modu- 
lation. 

These defects are avoided, or reduced to the 
point where they are negligible, by a sufficient 
agitation of the developer bath. 

397. Border Effects. Other irregularities appear 
on images developed horizontally in a developer 
that is not agitated. Lateral diffusion within 
the emulsion layer of comparatively exhausted 
developer from a region of high density to an 
adjacent one of lower density, and of compara- 
tively fresh developer in the reverse dire€tion, 
results in the formation at the boundary between 
the two densities of two degraded borders. The 
border at tluj edge of the denser patch is even 
denser and the border at the edge of the lighter 
region is less dense than the average for that re- 
gion (Mackie Line). The phenomenon, observed 
by R. Colson (1898) in studying the develop- 
ment by a thin film of solution, has been studied 
by G. Eberhard (1912) in so far as it concerns 
the application of photography to scientific pur- 
poses. It is generally known as the Eberhard 
Effect or the edge or neighbourhood effect. When 
two small light patches on a dark ground (or two 
dark patches on a light ground) are very close 
together the concentration of developer exhaus- 
tion products is a minimum (or a maximum) 
between them. This produces a lack of symmet^ 
of their edges that causes an apparent shift in 
the distance between their centres. This 
Kostinsky Effect is particularly troublesome in 
making measurements on neighbouring spectral 
lines, or on double stars, and in motion picture 
sound tracks. 

398. Infectious Development. Usually, the 
neighbourhood effect manifests itself as a retard- 
ing of development of low densities that are 
contiguous with high densities. However, a case 
is known in which the partially used developer 
is more active than the fresh developer and 
development is accelerated in regions of low 
density that border on regions of high density. 

This phenomenon, called infectious develop- 
ment (J. A. C. Yule, 1945) has been found in the 
case of fine-grain, high-contrast emulsions of the 
type used for photomechanical reproduction 
when development is carried out using a hydro- 
quinone developer having a low (0‘Z per cent) 
concentration of sulphite. Thus the gamma is 
considerably increased without appreoably in- 
creasing the fog. This effect was studied by 


ingenious experiments involving the mixing and 
superposition of emulsions of differing colour 
sensitivity. The catalytic agent that induces the 
acceleration of development by the hydro- 
quinone was thought to be the semiquinone 
radical whose prolonged existence is impossible 
in the presence of the normal concentration of 
sulphite (§409). The application of such a 
developer to a pen-drawing blocks up the image 
of fine lines by inducing development of those 
grains which received by irradiation (§ 212) an 
exposure that would be too small to cause 
development under other conditions. The oxida- 
tion products that cause development react 
rapidly with the sulphite of the fresh developer 
into which they diffuse and the effect of the 
infection is only manifested over a distance of 
about 01 mm. 

A rather similar effect known as contagious 
development was observed on emulsions of the 
same t5q)e as those above when developed in a 
developer made strongly alkaline with sodium 
hydroxide and containing traces of hydrazine 
(e.g. 0*03 to 0*1)5 g of hydrazine hydrochloride 
per litre to the first of the develo;^rs in § 471 
below). The inertia speed and the gamma are 
approximately trebled without an appreciable 
increase in fog (R. E. Stauffer, W. F. Smith, and 
A. P. H. Trivelli, 19^). This effect has been 
attributed to the fogging of unexposed grains by 
an unstable compound of hydrazine and a 
quinonoid oxidation product of the developer 
formed in the development of exposed grains in I 
the immediate vicinity. The granularity of the 
image does not allow practical use to be made of 
this method of intensifying the image by local 
fogging during development. 

The term infectious development is used when 
development spreads to feebly exposed grains, 
while contagious development refere to develop- 
ment spreading to unexposed grains. 

399. The Effect of Aviation. The agitation 
orthe bath does not only serve to reduce local 
irregularities in development such as those men- 
tioned above. When it is sufficient to renew 
rapidly the developer in contact with the emul- 
sion, and thus to accelerate the diffusion of 
waste products from the layer, it speeds up 
development. 

In the case of developers that are very suscep- 
tible to the influence of bromide, agitation 
reduces the Iok in emulsion speed. In a hydro- 
quinone developer witiiout bromide, the al^nce 
of all agitation causes the same regression of the 
inertia speed that is foilnd in same developer 
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wh^ omtaining bromide and when agitated, the 
regre^ron being the less as the developer is more 
vibleiltly agitated (S. E. Sheppard and F. A. 
EUiot, 1923). ^me analogous, though less well 
marked, ejects have been found in the case of 
the other developing agents. In other experi- 
ments the same authors (1924) found that the 
speed of development remained almost constant 
until the velocity of the solution in contact with 
the emulsion reached o-8 metres per second. It 
reached a maximum when the velocity reached 
2‘5 metres per second and then decreased until 
at 10 metres per second, especially in the com- 
mencement of development, it reached a value 
scarcely greater than that found in the static bath. 

The agitation must be more efficient as the 
time of development is decreased, as in develop- 
ing to a low gamma in a developer of normal 
concentration, or in developing to a high gamma 
value in a concentrated developer. The local 
irregularities in an image developed to a low 
gamma are exaggerated in the print which is 
usually developed to a high gamma (§ 605). 

One cannot consider as efficacious the agitation 
produced by rocking a dish, nor the simple motion 
of film through the solution in continuous pro- 
cessing machines. In the first case the velocity 
of the solution relative to the emulsion is insuffi- 
cient, and in the second case the moving him 
carries with it a sheath of developer that moves 
at almost the same speed as the him. 

In all cases where the time of development is 
chosen after previously developing a sensito- 
metric strip in the same developer, the degree of 
agitation must be taken into account, and, if 
possible, the test strip should receive the same 
degree of agitation as it is proposed to use with 
the material to be developed. For example, the 
time of development of a particular hbn, in 
D76 developer, to y = i-o varied from 9 to 18 
minutes (at i8®C) according to the degree of 
agitation. It should be noted that since the 
growth of fog depends upon the time of develop- 
ment and not upon the agitation, a him developed 
to a given gamma is less fogged when the de- 
veloper is vigorously agitated. 

Various methods for obtaining uniform 
development are described in § 436. 

400. The Influence of Temperature. In all 
developers the rate of development becomes 
greater as the temperature is raised, but the 
effect of an increase in temperature varies con- 
siderably from one developer to another. On 
the one hand, all reactions are accelerated by an 
increase in temperature, and on the other hand 


the diffusion of ions into and out of the emulsion 
is greater at higher temperatures, although this 
latter effect is somewhat offset by the increased 
swelling of the gelatine. 

Besides accelerating development, a rise in 
the temperature of the developer sometimes 
causes an increase in the emulsion sp)eed and 
always causes an increase in the fog density, the 
development being carried to the same gamma 
value for comparison in all cases. 

It has been found that, in the case of a metol 
developer, the emulsion speed of the experimen- 
tal material increased by about 30 per cent on 
raising the temperature of the solution from 15® 
to 25®C (K. Chibisoff and V. Cheltozoff, 1929). 
It should be noted, however, that in many 
cases claims of a marked increase of emulsion 
speed on warming the developer have been dis- 
counted when a careful sensitometric examina- 
tion has been made, the authors having mis- 
taken an increase in the general density of the 
image for an increase in speed. 

The increase in fog density that occurs when 
the temperature of the developer considerably 
exceeds 2o°C (as, for example, in tropical con- 
ditions, or on warming the bath to accelerate 
development) necessitates the use of an increased 
concentration of bromide. 

If, in the case of a given developer and sensi- 
tive material, the times of development that 
are required to reach a given gamma at two 
diffetent temperatures are known, the times of 
development for the same gamma can easily be 
calculated for other temperatures, because the 
logarithm of the time of development is propor- 
tional to the temperature (W. B. Ferguson, 1906). 
For example if the same gamma was obtained 
by 4*9 minutes' development at io®C and 3-5 
minutes at iS^C, the coefficient of proportionality 
K is given by — 

_ l og/ -log/' _ lo g 49 -log 3-5 

^ - ji _T 8 

= 0'69°3-o-544_,.„,82 
8 

where t,t' represent the times of development 
and r, T inchcate the temperatures. 

The temper alure coefficient ^ C, of a developer, 
for a given emulsion relating to the times of 
development necessary to reach a given gamma 
at two temperatures differing by loX, is given 

logC=ioiC 

In the above example log C » 0*182, and C = 
1-52 
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These calculations may be avoided by using 
the abacus, shown in Fig. 28.7 after W. Hey- 
decker, 1925. To use the abacus, measure on 
the time scale the distance (e.g. with a pair of 
dividers) between the times of development that 
were needed to reach the desired gamma value 
at the two temperatures. Then, starting from 
the point of the temperature scale corresponding 
to the difference between the two temperatures 
under consideration, erect a perpendicular line 
equal to the measured length. Draw a straight 
line from the zero of the temperature scale 
through the end of this perpendicular line and 
continue it to cut the temperature coefficient 
scale, on which it will indicate the required value. 

In order to find how much the time of develop- 
ment needs to be increased on lowering the 
temperature of the devel- 
oper in the above example 
from 18° to i 5T>, draw a 

straight, oblique line from 

the zero on the abacus to 


as the temperature departs far from the optimum. 
For example, in a metol-hydroquinone developer, 
the metol alone has any considerable activity at 
temperatures of about io°C, while hydroquinone 
is the more active at temperatures about 20°C. 
In order to obtain consistent results, it is neces- 
sary to maintain the temperature constant. 
Fading this, the temperature should be measured 
and account must be taken of its influence on 
the time of development. 
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1-52 on the temperature 
coefficient scale. Then 
measure the distance from 
the 3® mark on the tempera- 
ture difference scale to this 
oblique line. Then, starting 
from the 3-5 minute mark 
on the time scale measure off (towards higher 
times) the distance found on the abacus and this 
will terminate at the required time, in the present 
example, 4-0 minutes. 

Since the time of appearance of the image 
varies proportionally with the total time of 
development, the Watkins Factor (§ 381) retains 
its value unchanged. 

The temperature coefficient of a developer 
varies slightly from one emulsion to another. 
It does not vary much on changing the con- 
centration of the developer, nor does it vary 
very much for various developer solutions com- 
pounded from the same developing agent. The 
following table shows most usually found values 
for the various developing agents. 


Developing Agent C 

Metol 1-25 

PaTaminophenol .1-5 

Ferrous oscolate .17 

Pyrogallol .1*9 

Metol-hydroquinone . x*9 

Hydroquinone .2*2 to 2*8 

Catechol . 2*8 


In a developer containing two developing 
agents of different character, the notion of tem- 
perature coefficient loses all significance as soon 


401. Mineral Salts as Developers. In addition 
to ferrous oxalate (which is the only one of 
these various developers which has come into 
effective practical use) and various other ferrous 
salts (fluoride, citrate, etc.), the following have 
been suggested for use as developers: cupro- 
oxalate of ammonia (Carey Lea, 1879) ; titano- 
oxalates and alkaline molybdo-oxalates (T. 
Pavolini, 1933) ; hydrosulphite in alkaline 
solution (W. B. Bolton, 1893); alkaline per- 
oxides (Le Roy, 1894) ; or hydrogen peroxide 
(M. Andresen, 1889) in alkaline solutions. 

To this class of developers may be added two 
subsUnces on the border-line between inorganic 
and organic compounds, namely, hydroxylamine 
(C. Egli and A. Spiller, 1884), and hydrazine 
(M. Andresen, 1892), both in alkaline solutions. 
These substances have never been used in 
practice as developers, but on various occasions, 
the use of certain of their organic derivatives 
has been suggested (Lumito and Seyewetz, 
1894 ; W. H. CaldweU, 1908). 

402. Ferrous Oxalate Devdoper. The ferrous 
oxalate developer, of which the present method 
of prepmtion was indicated by J. M. Eder 
(2879), is now scarcely ever used by either 
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amateur or professional photographers. Its very 
low reduction potential does not enable it to 
develop satisfactorily any but well exposed 
negatives. Its preparation and use demand 
more care than is required for organic devel- 
opers, and afford no material economic com- 
pensation for these practical drawbacks. But 
for various scientific uses of photography this 
developer possesses the distinct advantage of 
containing no solvent of silver bromide, and of 
thus avoiding various disturbing factors which 
sometimes occur in the use of ordinary devel- 
opers, but noticeable only in exact localization of 
points, and in photometric measurements of a 
high order of accuracy. This developer is the 
only one with which chemical fog is completely 
avoided (Hurter and Driffield, 1890) and which 
produces a perfectly neutral grey image, com- 
pletely free from all coloured oxidation products. 

The ferrous oxalate developer is prepared at the 
time of use by pouring slowly, with constant stir- 
ring, I volume of a 25 per cent solution of ferrous 
sulphate into 3 volumes of a 25 per cent solution 
of neutral potassium oxalate (KjCjO* . HjO). 
This produces a limpid reddish mixture (potas- 
sium ferro-oxalate) , which can be used as a devel- 
oper without any addition of potassium bromide. 

The reduction potential (Ea* — Eucd) of the 
ferro-oxalate developer, which acts according 
to the equation — 

3 Fe C2O4+ 3 Ag Br 5± 3 Ag 
-f Fcj (CjOJa Fe 

is 44mv when fresh (W. Reinders, 1935. See 
§ 373 ). 

Over-exposure can be corrected to a certain 
extent by adding potassium bromide. Being a 
developer with a low reduction potential, the 
iron developer is very susceptible to the action 
of bromides. For correction of over-exposure it 
suffices to add a relatively small quantity of 
potassium bromide to the developing bath (e.g. 
not more than i g per litre of bath). 

Sodium thiosulphate (hypo) in very minute 
quantities (a few drops of a i : 1,000 solution) 
has a marked accelerating effect on the ferrous 
oxalate developer (it decomposes the ferric salts 
formed), the image then appearing much more 
rapidly^ An .excess of hypo produces heavy fog, 
and, &ally, reversal of the image, the fog being 
then denser than the image proper. 

On the native impregnated with the oxalate 
sdution being placed in the wash-water or the 
faring bath, a uniform precipitation of cdcium 
oxalate takes place in the upper layers of the 


gelatine, forming a white deposit. During wash- 
ing, after fixing, this deposit is readily removed 
by placing the negative for a few moments in 
a very weak solution of hydrochloric acid, e.g. 

I : 200 solution (= about 5 ml in i litre). 

403. Sodium Hydrosulphite Developer. The 
use of sodium hydrosulphite as a developer was 
proposed by W. B. Bolton (1893). Sodium 
hydrosulphitc, more systematically known as 
sodium dithionite, is a white powder which when 
pure has the molecular formula Na2S204 . zH^O. 
Its neutral solution can be used to develop 
positive emulsions, but it needs to be acidified by 
sodium bisulphite, or by an acid, organic buffer, 
in order for it to be able to develop negative 
emulsions. On being exposed to air, a solution 
of sodium hydrosulphite loses its developing 
power without losing its reducing properties. 
The partly oxidized solution produces warm- 
toned images on chloride papers. 

A “ developer-desensitizer " for non-colour-sen- 
si tized emulsions was suggested by A. Seyewetz 
(1931). To prepare it, dissolve immediately before 
use 12 g of an intimate mixture of — 

Sodium hydrosulphite . 100 p 

Potassium bromide 35 g 

Sodium bisulphite • K 

The appearance of the image is much delayed, 
but once it has appeared the gamma increases 
rapidly. The emulsion speed of a material 
developed in this way to y = 2-6 is less than 
10 per cent of that obtained by developing the 
same material to y = I'O in a metol-hydro- 
quinone developer. The energy of the developer 
can be somewhat increased by the cautious 
addition of acid, but this procedure involves the 
risk of causing fog. The dry, powdered mixture 
will keep well in a tightly stoppered bottle, but 
the solution is unstable, evolving a sulphurous 
gas which makes its use very unpleasant in a 
confined space. 

After one minute’s immersion in the developer, 
the speed of the emulsion is reduced to al^ut 
5 per cent of normal and a very bright safelight 
can be used. 

If colour-sensitized materials are developed 
in this solution an intense fogging results. In 
order to develop transparencies, or paper 
prints, the concentration of the solution should 
be reduced. After 30 seconds’^ immersion a 
bright yellow safelight may be used. 

Organic Developers 

44^. The Devetoping Function. It has already 
be^ mentioned (§ 373) that any solution whose 
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reduction potential falls within certain limits 
can be used to develop a latent image. But 
a large number of the substances that would 
qualify in this way as developing agents are 
eliminated by practical considerations. For a 
reducing agent to be a successful developing 
agent it must be able to develop images of very 
low exposures, without much tendency to fog. 
It must be sufficiently soluble in water and the 
solution must be stable and non- toxic. Its 
cost per unit area of film developed must not be 
excessive. Except in a few specialized appli- 
cations, the developing agent should give a 
neutral grey image. 

The earliest organic developing agents known 
were derivatives of benzene, and naphthalene, 
and their homologues (aromatic compounds). 
In 1891 M. Andresen, and A. and L. Lumi^re 
independently formulated a rule by which it was 
possible to predict if a substance, of known 
chemical structure, would act as a developing 
agent. Although a number of exceptions are now 
known to this rule, which has, moreover, often 
needed revision, it applies to almost aU the de- 
veloping agents in current use. The essential 
clause of this rule is as follows. 

In order that an aromatic compound should 
be a developing agent, two carbon atoms in the 
nucleus (the same nucleus in multi-ringed com- 



Fig. 28.8. Struc- Fig. 28.9. Structural 

tural Formula Formula for Naphthalene 

FOR Benzene 

pounds) in ortho or para positions must each 
carry a hydroxyl (—OH) group or an amino 
(— NHj) group. The ortho position signifies that 
the —OH or — NH, groups would be substi- 
tuted for the hydrogen atoms in positions i and 2 
in the benzene and naphthalene molecules 
whose structure is indicate above in Figs, 28,6 
and 28.9. The para position, in the same way, 
would be represented by positions i and 4 in 
the two structural diagrams, A substance 
possessing a structure such that it satisfies this 


rule is said to possess the developing function. 
Thus, of the three dihydroxy derivatives of 
benzene, all of the same formula CflH4 (OH),, the 
ortho derivative, catechol, and the para deriva- 
tive, hydroquinone, are developing agents. The 
other, or meta derivative, resorcinol will not 
normally develop, although it is a reduping 
agent. i 

The presence of further hydroxyl or aminp 


H H H H 



Fig. 28.10. Structural Formula for 
Diphenylamine 


groups in the same nucleus in .a position vrfhi^ 
or para to one of the two essential groups 
increases the developing power. 

The hydrogen atoms of the amino (— NHJ 
group or groups may be partly, or all, replaced by 
hydrocarbon or alcoholic groups without losing 
the developing function. For example, as an ex- 
treme case, the replacement of the 4, 4' hydrogen 
atoms in diphenylamine (Fig. 28.10) by t—OH 
or — NH, yields developers which can be conr 
sidered as resulting from the substitution of 
CeH40H or -C4H4NH in the -NH, group 
of paraminophenol or of paraphenylenediamino. 
No substitution is possible, however, in the case 
of the hydrogen atom in the —OH group. 

The developing properties can be modified,, 
or removed, by the presence of other substituent? 
in the nucleus. Chlorhydroquinone CaHjCl (OH), 
paramino-ortho-cresol HgN . ,Cg H, (CH,), -OH, 
are more active than the hydroquinone and pva- 
minophenol from which, they are derived. 
Again, the introduction of a sulphonic acid group 
(-^SOaH) transforms an insoluble substance 
such as aminonaphthol into a wateT*«Olttble 
substance such as eikonogen (i-amino- 2 -naptbQl 7 
6-sodium sulphonate).^ < 

Among the developers not provided fpr by 
these rules, and of which a number have been 
recently patented for use in fine-grain and colour 
developers, are various derivatives of N-rhetero^ 
cyclic compounds rdated to p5iTidine and 
quinoline such as/ 2, 5» diaminoi^iidine and 
2-hydroxy-5-aminopyridine (A. E. Xschitachiban 
bin, 1944), oxyteitrahydroquinOline. (Lepnbaicb 
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and Scheicher, 1895), and aminotetrahydro- 
quinolines (W. D. Peterson, 1938) ; also various 
derivatives of p3nrimidines (G. Willmanns, H. 
Fricke, and E. I. Berr, 1935). 

405. Nonnal Constituents of a Developer. 
Al^ongh it is possible to obtain faint traces of 
an image (L. P. Clerc, 1909 ; E. Cousin, 1912) 
by treating a sensitive film in a very dilute pure 
aqueous solution of some developers (diamino- 
phenol, paraphenylene-diamine, and its deriva- 
tives, etc.), it is usually necessary, in order to 
obtain a vigorous image in a reasonable time, 
to render the developing solution alkaline, so 
that the hydrobromic acid resulting from the 
reduction of the silver bromide may be neutral- 
ized as it is formed. A pure aqueous solution of 
hydroquinone does not develop, but a solution 
containing 5 per cent of hydroquinone and 5 per 
cent of caustic soda develops a satisfactory 
image in about three minutes, without fog or 
appreciable stain (C. £. K. Mees and C. W, 
Hper, 1911). The caustic alkali may, moreover, 
be replaced by the salt of a weak acid, easily 
displaced by the hydrobromic acid and not 
itself preventing development, provided that 
the solution has a that is sufficiently high 
for the developing agent under consideration. 
This is the case with the carbonates and various 
other salts, among which are the sulphites. With 
the latter, development is exceedingly slow, 
except with the developers capable of developing 
an image in an aqueous solution (about one hour 
is required to develop a complete image in a 
very concentrated sulphite solution of p3a'o). 
Development is completed in a normal time by 
adifing a carbonate (of sodium or of potassium) 
to the pure aqueous solution of a developer sub- 
stance, but these solutions (like nearly all others 
compounded with a caustic alkali) oxidize in the 
air with very great rapidity, thus giving rise, 
during the tune necessary for development, to 
brown oxidation products, which strongly stain 
the gelatine. 

In 1882 H. B. Berkeley observed that the 
addition of a sulphite to the alkaline solution 
of a devebper considerably delays this oxidation 
and opposes the formation of the highly-cobured 
products obtained in the absence of this^^serva- 
Hw, While sulphite must be considered a 
necessary constituent of all devebping solutbns 
compounded with organic deveb^rs, it is not 
entirely advantageous. While it increases the 
energy of a solution of paraminophenol and 
caib^te (M. Andiesen, 1898), it retards 
dev^pment with a solution of hydroquinone 


and carbonate (J. Desalme, 1921), and further- 
more, as a solvent of silver bromide (with which 
it forms a soluble double sulphite) it favours 
the formation of fog. 

Other substances have been suggested for use 
instead of sulphite to protect the developing 
agents from being oxidized by atmospheric 
oxygen. Greater protection is afforded by 
substances containing an — SH (thiol) group, 
such as cysteine and thioglycolic acid (T. H. 
James and A. Weissberger, 1939). The protec- 
tion appears to be due, as with sulphite, to the 
destruction of quinonoid oxidation products 
which catalyse the oxidation of hydroquinone. 

Finally, in many cases a bromide, added in 
small quantities to the developing bath, must be 
used as a restrainer of chemical fog (§386 to 

§388). 

406. The Role of the Alkalis in Development. 

Besides neutralizing the hydrobromic acid which 
is liberated in development (in the case of silver 
bromide), the alkali must liberate the free base 
of those developing agents that are usually 
supplied in the form of a salt for greater stability 
in storage, e.g. metol. The alkali facilitates the 
dissociation of acidic hydroxyl (—OH) groups 
by forming phenolates. Finally, the of 
the developer is one of the factors that influ- 
ences the reduction potential, which increases 
with the alkalinity of the developer solution 
(§ 374 ). 

If the activity of a developing agent is the 
same in various fresh developer solutions at the 
same ^H, these solutions may behave very 
differently after some use, or after storing in 
contact with air. In both cases the pH oi the 
developer solution would have changed, and not 
necessarily in the same direction. As will be 
described below, the pH of hydroquinone- 
sulphite solutions increases on aerial oxidation, 
while oxidation by a silver halide decreases the 
pH. The extent of the change in pH depends 
upon the buffering capacity of the other consti- 
tuents of the developer (§ 295). A mixture of 
sulphite and carbonate gives quite good buffer- 
ing at pH 10, while salts such as borate and 
phosphate are very useful buffers at pH levels 
about 9*4 and 10-5 respectively and may be 
used with advantage in developers at about 
the^ values. However, borates should be 
avoided when using developing agents, such as 
catechol and pyrogallol, containing hydroxyl 
groups in ortho positions because of the forma- 
tion of complexes. 

The behaviour of three buffers is shown by 
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the full curves in Fig. 28.11 (W. Reinders and 
M. C. F. Beukers, 1931). Three developers were 
prepared, each containing ii grammes of hydro- 
quinone and 38 grammes of sulphite, per litre. 
The first was buffered with 19*05 grammes of 
borax (B), the second with 8-4 grammes of 
sodium bicarbonate (C), and the third with 
35*8 grammes of disodium hydrogen phosphate 
(P). The course of the change in pK is shown 
as sodium hydroxide was added. The vertical 


atmospheric oxygen is greater as the alkalinity 
of the solution is increased. For this reason 
the pR of the developer should not be increased 
beyond the minimum value necessary. Besides, 
high alkalinity promotes a detrimental swelling 
of the gelatine. 

407. Ammonium hydroxide and ammonium 
carbonate can serve as alkalis in developers, 
but their use is limited to certain special cases. 
By virtue of their solvent power for silver 



Fig. 28.11. Buffering Effect of Borax, Sodium Bicarbonate and Disodium Phosphate 


line at 0*4 per cent NaOH indicates sufficient 
sodium hydroxide to make an equivalent amount 
of metaborate, carbonate, and trisodium phos- 
phate from the respective buffers. The broken 
curves show the densities obtained in 10 minutes' 
development (right-hand scale) on plates that 
had all received the same exposure. 

The full curves show that, in the pR range 9 
to 10, the borax buffer was the best, the bicar- 
bonate was acceptable, while the phosphate was 
mediocre. 

The optimum value of the varies from 
one developing agent to another. The following 
table shows the approximate pR range within 
which some developing agents can be effectively 
used (W. Reinders and M. C. F. Beukers, 1931). 


Developing Agent 
Metol 

Paraminophenol 

Pyrogalloi 

Glycin . 

Hydroquinone 

Paraphenylenediamine 


Range 
. 6 - 9*5 

. 7 * 5-12 

. 8 - 9-5 
. 8 * 5 - 11*5 
. 9 - 5-11 
. 10-13 


The rate of oxidation of the developer by 


chloride and bromide, they favour the formation 
of dichroic fog (§ 385). In a slow-acting developer, 
ammonium hydroxide limits the values of 
gamma and maximum density that can be 
reached. Some of the silver, reduced from the 
silver halide dissolved from the emulsion, is 
deposited on the walls of the dish (J. Vidal, 1931). 
In some cases a derivative of ammonia may be 
used. Triethanolamine, for example, is more 
strongly alkaline than ammonium hydroxide 
and has less solvent action on silver halides. 

The addition of acetone or formaldehyde to a 
sulphite solution results in the formation of an 
acetone-, or formaldehyde-bisulphite with the 
consequent liberation of an equivalent amount 
of sodium hydroxide (Lumi^re and Seyewetz, 
1896). Developers have been used consisting of 
a solution of sulphite and p3rrogallol to which 
acetone is added. In such developers, if the 
quantity of sulphite was not in excess of the 
acetone, the concentration of sulphite is greatly 
r^uced and the image obtained is brown as a 
result of the formation in the gelatine of a 
secondary image (§ 413) by the oxidation products 
of the pyrogalloi. 
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Thus, in order to obtain images of high con- 
trast by infectious development (§ 398),hydro- 
quinone developers are made alkaline by the 
addition of fom^dehyde, used in the form of a 
solution or as the solid polymer, trioxymethy- 
lene which depolymerizes when dissolved in a 
sulphite solution (Lumi^re and Seyewetz, 1902). 

408. Role of Sulphite. The quantity of sul- 
phite to be used in a developing solution 
depends on the nature of the developer and of 
the substances used to render it alkaline, on 
the dilution of the bath, on the degree of keeping 
quahty desired in partly emptied bottles or in 
developing tanks, and on the prevailing tem- 
perature. 

For instance, very little sulphite is required 
with glycin (the spontaneous oxidation of which 
is negligible) and with paraphenylenediamine 
(the oxidation products of which are then almost 
colourless), while a relatively large quantity 
is required with pyro solutions to avoid staining 
the image. 

Developing solutions made alkaline with 
caustic alkalis tend to oxidize more rapidly than 
those containing carbonates ; for this reason the 
sulphite content should be somewhat increased 
with the former. All other conditions being 
equal, the proportion of sulphite to developer 
must be greater in a dilute solution than in a 
concentrated one. 

With most developers, if the developing 
solution is prepared shortly before use and is 
used once only, a sulphite content of about 
I per cent of the anhydrous salt is sufi&cient. It 
is, moreover, at this strength that the solubility 
of silver bromide in solutions of sulphite reaches 
its minimum ; thus chemical fog is markedly re- 
duced (Mees and Piper, 1912). The amount of 
sulphite must be increased when a develo^ang 
solution has to be kept long in a partly empty 
contaiher, especially when there is a large sur- 
face in contact with air (solution left in a develop- 
ing tank without a floating cover) and in all 
cases where air has free access to the emulsion 
during its development (development of film on 
continuous machines or drums, and develop- 
ment in tanks where the developer is kept in 
motion by a stream of air). 

Finally, as an appreciable rise in temp^ature 
always accelerates the atmospheric oxidation 
of the developing solution, it is. necessary in 
hot climates to counteract this effect by in- 
creasing the quantity of sulphite specified for 
use in temperate countries. 

The fact that a small quantity of the silver 


halide dissolves in the sodium sulphite used as a 
preservative of the developing solution against 
oxidation results in the solution behaving, to a 
certain extent, like a physical developer; the 
dissolved silver salt is reduced by the developer 
and de]X)sits itself, partly in the liquid and on 
the walls of the tanks, and partly on the image 
itself, which is thereby reinforced. 

409. The mechanism of the mutual protec- 
tion that sulphite and certain developing agents 
afford to each other against aerial oxidation 
(autoxidation) has not yet been worked out, but 
it has been studied in the case of polyphenols and 
especially in the case of hydroquinone. 

Whereas the oxidation of hydroquinone in 
an acid or feebly alkaline solution yields quinone, 
this product is not found as a result of oxidation 
in the presence of an excess of sulphite. Quinone 
is instantaneously transformed into hydro- 
quinone monosulphonate when added to an 
alkaline sulphite solution. It is this substance 
which constitutes the first end-product of the 
oxidation of hydroquinone in the presence of 
sulphite (J. Pinnow, 1913). In the case of 
autoxidation the reaction proceeds — 

C«H4(0H)* + zNa^SOa -f 0* 

hydroquinone Mditim sulphite oxygen 

= CeH3(0H)aS03Na + Na^SO* -f NaOH 

hydroquinone sulpbonate sodium sodium 

sulphate hydroxide 

In the case of development the reaction is — 

C,H4(0H), + Na,SO, + 2AgBr + NaOH 

hydroquinone sodium silver sodium 

sulphite bromide hydroxide 

= C.H3(0H)3S03Na + zNaBr -f- H3O -f zAg 

hydroquinone sulpbonate sodium water silver 
bromide 

It will be seen that, whereas in the second case 
some of the available alkali is neutralized, in 
the first case sodium hydroxide is formed by 
the autoxidation. This explains the observation 
(Liippo-Cramer, 1931) that a sulphite solution 
of hydroquinone that does not develop when 
freshly compounded, becomes quite active after 
storing it for several days in a partly filled 
bottle. It should be noted, moreover, that 
when the constituents of a developer are put up 
in two solutions to be mixed just before use 
(the developing agent in one and the alkali in 
the other), the oxidation of the developing 
agent is not avoided merely by adding sulphite 
to that part. It is necessary to addify the 
solution, for example, by adding bisulphite. 
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The hydroquinone monosulphonate that is 
formed by the oxidation of hydroquinone is 
itself a feeble developer, and if the oxidation of 
the solution is continued, by development or 
by exposure to air, hydroquinonedisulphonate is 
formed, whose presence in solution is marked 
by an intense blue fluorescence. 

The protective action of sulphite is the result 
of its preventing the formation of quinone or 
quinonoid products which, in the absence of 
sulphite, energetically catalyse the autoxidation 
of hydroquinone (T. H. James and A. Weiss- 
berger, 1939). 

410. The Formation of Sulphide in Used 
Developers. Used developers that arc kept for 
long periods away from air, as in stoppered 
bottles and deep tanks, may, when used, give a 
log due to the formation of sulphide as a result 
of bacterial decomposition of the sulphite (M. L. 
Dundon and J. I. Crabtree). This occurrence 
is encountered mostly in summer, the optimum 
temperature for the growth of the anaerobic 
bacteria, whose i)resence is made possible by the 
gelatine dissolved from the developed emulsions, 
lying between 25° and 4o°C. 

When the concentration of sulphide is very 
small, the bath is cleared by the first few films 
or plates that are developed, and no fog appears 
on those developed immediately afterwards. 
However, the fog reappears on recommencing 
development after a suspension of work. When 
the concentration of sulphide is appreciable the 
bath gives off the odour of rotten eggs especially 
when stirred. In such a case the bath can only 
be used after adding lead acetate, agitating, and 
allowing the insoluble lead salts (sulphide, etc.) 
to settle or filtering them off. When the system 
becomes infected in this way it is necessary to 
disinfect the whole system, tanks, baths, pumps, 
and pipes. Strong disinfectants such as sodium 
hypochlorite, permanganate, or p)entachlor- 
phenate (Santobrite) may be used, the choice 
depending upon the materials of which the 
system is constructed. 

Disinfectants that can. be added to the 
developer without adverse effect include — alka- 
line fluorides and fluosilicates, sodium salicylate 
(2 g per litre), parachlormetacresol (i g per litre), 
Sunoxol (ortho-oxyquinoline sulphate, o-i g per 
litre), and various derivatives of acridine yellow. 

4ZX. Con^kx Devdqpets. By using a mix- 
ture, in suitable pro|»orti(^, of two developing 
agents of different characteristics, one of a low 
^d another of a high reduction potential, it 
is often possible to obtain results superior to 


those obtained by using either agent separately. 
The best combination is that of metol and hydro- 
quinone. The density obtained in a given time 
of development in this developer is greater than 
the sum of the densities that would be obtained 
on similar exposures developed separately in a 
metol, and a hydroquinone developer, each 
developer containing only one of the developing 
agents in the same concentration as it was used 
in the combined developer (Luppo-Cramer, 
1902). Tn such a complex developer the image 
appears rapidly (metol characteristic) and its 
density grows rapidly (hydroquinone character- 
istic). Finally, the yellow fog that is often found 
on images developed in hydroquinone is avoided. 

Similar, though less valuable, results are 
obtained when metol is used in association with 
pyrogallol or with glycin, and when a small 
concentration of amidol is used with hydro- 
quinone (Luppo-Cramer, 1921). 

The same results are obtained when the sensi- 
tive material is first bathed in a solution of 
amidol (H. Frotschner, 1937) or in a solution of 
metol (T. H. James, 1940) followed, immediately 
afterwards, by development in a hydroquinone 
developer. The same acceleration of develop- 
ment is obtained by adding safranine to a 
hydroquinone developer or by immersion in a 
very dilute solution of safranine before develop- 
ing in a hydroquinone developer (R. Namias, 
1921). 

It would seem that the behaviour of these 
"super-additive" or " non -additive " complex 
developers is due, in part at least, to the greater 
ease with which an aminophenolic developing 
agent, having a single negative electrical charge, 
can cross the negative charge barriers that are 
situated in the gelatine and, by virtue of ad- 
sorbed bromide ions, on the surface of the silver 
hadide grains (§§ 377 and 379). Thus the metol, by 
shortening the induction period, causes the 
development of a greater number of grains 
(which is equivalent to an increase in the 
emulsion speed) before the contrast becomes 
excessive (T. H. James, 1943). 

4x2. Many addition compounds formed from 
a polyphenolic developing agent and the free 
base of an aminophenolic or a diamino develops 
ing agent have been commercially available to 
faeflitate the ready preparation of developing 
solutions by amateurs, who need only dissolve 
the compound in a sulphite solution. The addi- 
tion of alkali is not necessary in some cases. 
As soon as the addition^compounds are dissolved 
they dissociate into their constituent parts. 



PHOTOGRAPHY: THEORY AND PRACTICE 


The free base initiates development which is 
then continued by the polyphenol. Among 
those compounds that are still available, 
metoquinone (A. and L. Lumi^re and A. Seyewetz, 
1903) containing one molecular equivalent of 
hydroquinone to two of metol base, and Meritol 
(1936) containing an equimolecular combination 
of catechol and paraphenylenediamine, may be 
noted. Other combinations, no longer available, 
are Ortol (J. Hauff, 1897) containing hydro- 
quinone and orthoaminophenol, Hydr amine (Lu- 
mi^re and Seyewetz, 1899) consisting of hydro- 
quinone and paraphenylenediamine, and Chlora- 
nol (Lumi^re and Seyewetz, 1913) containing 
chlorhydroquinone and metol base. 

413. Oxidation Products of Developers ; Tan- 
ning ; Secondary Images. The quinonoid oxida- 
tion products of developers that are formed in 
the absence of sulphite, or in the presence of a 
very low concentration of sulphite, are deposited 
in the gelatine at the site of devdopment, and 
in a quantity proportional to the amount of 
silver halide reduc^. Usually they polymerize, 
giving rise to coloured, tanning substances of 
the nature of the humic adds, whose exact 
constitution is imknown. 

After removing the silver image by bleaching 
with a weak oxidizing solution, such as ferri- 
cyanide-thiosulphate (Farmer’s Reducer), a 
yellow or brown secondary image remains, which, 
though it may not appear very intense to the 
eye, can give acceptable prints on high contrast 
paper, b^use of its absorption of actinic light. 
The following table (Lumide and Seyewetz, 
1928) shows the colour of the secondary image 
obtained in various developers, its relative 
intensity and the concentration of sulphite 
necessary to prevent its formation. 


Devtkver 

Ct^ur 

Relative 

Iiiteraity 

Sulphite 
(grammeft 
per litre) 

PjFToallol 

CataSd 

Yellow-orange 

Black 

20 

10 1 

II 

6 

Hydroquiiume 

Yellow-browu 

Yellow'brown 

Redditfa'browii 

10 

10 

8 

z 

z 

z 

Fanminopheiiol 

Bn>wni»b-black 

3 

z 

Metol 

BnwntBh'bladc 

a 

I 

Pu^ienyknediemine 

Grey 

None 

I 

0 



The secondary image is destroyed or weakened 
by add stop baths and add fixers. 

Of the usual developing agents, pyrogallol 
and catechol give the most effective tanning. 
414« The tanning developers are sometimes 


inconvenient, but, on the other hand, they lend 
themselves to interesting practical applications. 

To quote the disadvantages first, the tanning 
of the gelatine that takes place during develop- 
ment in proportion to density of the image 
already formed, slows down the process of 
diffusion of fresh and exhausted developer, parti- 
cularly in the high densities, thus depressing 
that part of the characteristic curve which would 
otherwise be the straight line portion (K. Jacob- 
sohn. 1928). Again the differential tanning 
between contiguous areas of different density 
causes, on drying, local deformation of the image 
(F. E. Ross, 1921) that is especially harmful when 
the image is to be used for exact measurements. 

Among the applications of differential tanning 
to be noted are relief images, particularly for 
collotype matrices, on thin films exposed 
through the support, the unhardened gelatine 
being washed away in warm water after develop- 
ment : also for transferring to metal, resists are 
copied on paper, coated with an emulsion which 
is dyed to limit the penetration of the light 
(§ 390) » fhe paper being stripped in warm water 
after the image has adhered to the support. 

415. The formation of stain images by the 
oxidation products of the developing agent in a 
developer having a zero or a low concentration 
of sulphite, has found practical application. A 
process of intensification, based on the formation 
of stain, will be described later (§ 553). 

The secondary image acts as a mordant, 
fixing basic dyes (A. and L. Lumi^re and A. 
Seyewetz, 1928) , thus giving rise to the possibility 
of intensifying the image by inunersion in a 
suitable solution of such dyes (§ 754). 

The stain image possesses marked reducing 
properties towards various metallic salts or 
complexes (F. Leiber, 1932). It may be intensi- 
fied by immersion in the copper ferrocyanide 
toner (§ 749), or in an ammoniacal solution of 
silver nitrate. This last reaction has served as 
the basis for a reversal process (§529). The 
humic acids of the stain image that are formed 
from polyphenolic developing agents can stUl, 
by virtue of their phenolic nature, couple with 
diazonium compoimds (§ 839) to give azo dyes 
(R. Jodi, 1938). 

Some developing agents, of no practical 
interest, give vividly coloured, insoluble oxida- 
tion products. In this way, after removing the 
^ver, one can obtain a blue image after develop- 
ing by indo3^1, or red after developing with 
thioindoxyl (B. Homolka, 1906). 

4x6. Colour Development. Intensely coloured 
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images are obtained using aminophenols or 
diamines (with one unsubstituted amino group) 
as developing agents when the developer con- 
tains a coupler which participates in the reduc- 
tion of the silver halide. The oxidation products 
of the developing agent and the coupler yield an 
insoluble and non-wandering dye at the site of 
reduction of the silver halide grains, the quan- 
tity of dye formed being proportional to the 
amount of silver reduced (R. Fischer, 1912). 
Since the coupling reaction increases the reduc- 
tion potential, developing agents can be used 
which, in the absence of the coupler would need 
to be used at a level higher than the gelatine 
would tolerate (A. G. Tull, 1939). For example, 
a developer containing dimethylparaphenylene- 
diamine gives, in the presence of a substance such 
as an aceto-acetic ester or dibenzoylmcthane 
a yellow or red dye image duplicating the silver 
image. 

(CHJoN.CoH^.NHj -1- R.CHjRi 

-I- 4AgBr->4Ag -f 4HBr 
-f (CH3)2N.CeH4.N f CRRi 

(where R, R^ indicate negative radicals, such as 
CO or CN, so that the H atoms of the CHj group 
are labile). 

Under the same conditions, an aminophenol 
yields an indophenol in the presence of a phenol, 
whereas a diamine gives an indo-aniline or an 
oxazine in the presence of a phenol, and an 
indamine in the presence of an amine. 

Because they react with the coupler, the 
concentration of the oxidation products of the 
developing agent is always very low. In this 
sense the coupler behaves in the same way as 
sulphite. The presence of sulphite is often 
necessary and the ratio between the quantity 
of dye formed and the quantity of silver reduced 
varies to a large extent with the sulphite 
concentration (R. M, Evans and W. T. Hanson, 
1937 )- 

When the silver image and the residual silver 
bromide are removed (simultaneouslyby Farmer's 
reducer) the granularity of the image is very 
low. 

For an experimental test, a . deep blue 
image can be obtained in a developer contain- 
ing asymmetric dimethylparaphenylenediamine, 
potassium carbonate, and about i per cent i : 4 
naphtholsulphonic acid, prepared immediately 
before use. Fix in a plain hypo solution because 
the blue colour is destroyed in an acid bath. 

The colour developers usually require an 
increase in exposure. Some of them tend to 


give fog, though this can sometimes be avoided 
by applying the colour development to an 
image that has been developed, fixed, washed, 
and rehalogenated, usually to the chloride. 

An attempt made in 1914 to launch positive 
papers containing a coupler in the emulsion met 
with no success, the colours obtained being 
too fugitive. The process was taken up again 
(L. D. Mannes and L. Godowski, 1935) in work- 
ing out a process of natural colour photography 
(§ 1012). 

The use of dye development for the production 
of black-and-white prints has been suggested 
(J. Kleine and G. Willmanns, 1936) so that all 
the silver could be recovered. 

Sometimes undesirable reactions take place 
between the colour developer and the dyes in 
certain antihalation layers. 

417. The Effect of Various Substances added 
to Developers. Iodides. The addition of iodide at 
a concentration (0*02 to 0-2 per cent) much 
lower than that needed to bring about depth 
development, considerably reduces the induc- 
tion period of developing agents having a low 
reduction potential. In the case of hydroqumone 
the Watkins Factor is quadrupled. This 
acceleration of the early stages of development 
was noted by A. Lainer (1891) and is often called 
the Lainer Effect. A close study of this effect 
(S. E. Sheppard and G. Meyer, 1920) showed that, 
on adding iodide, silver bromide precipitated 
in the absence of gelatine adsorbed a greater 
quantity of safranine. It is thus possible that 
iodizing favours the adsorption of the oxidation 
products of the developing agents, in this way 
accelerating the start of development. 

Thiocarbamide (thiourea). The addition, to a 
hydroquinone developer, of a small concentra- 
tion (about 0*04 per cent) of thiocarbamide 
(§ 502) causes a dense positive ima^e of a some- 
what violet hue to form after the neutral-grey 
negative image has started to appear (J. Water- 
house, 1890). This effect can also be obtained 
with thiosinamine (allylthiourea) and phenyl- 
thiocarbamide. It is most marked in a strongly 
alkaline developer having a low bromide con- 
centration and used at about i5°C. It does not 
occur in a strongly bromided developer (A. H. 
Nietz, 1922), nor in an acid developer. An 
explanation of the effect was given by S. 0 . 
Rawling, 1926. The thiocarbamides are adsorbed 
by the silver bromide with which they fonn 
insoluble complexes which, in an alkaline 
medium, decompose to form silver sulphide. 
This decomposition is considerably retarded 
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b/ soluble bromide. The development of the 
negative image commences before the grains 
are thus infected (similarly when the emulsion 
is treated with the thiocarbamide before develop- 
ment) and the reversal appears only when the 
negative image is visible, the positive image 
being formed as the result of local variations in 
the bromide concentration in the emulsion. 
The sulphided grains, which arc more numerous 
where the negative image is less dense, are 
rapidly developable. 

Alcohols. The addition of alcohols has been 
recommended in the case of developers which 
are prepared in very concentrated form, in 
order to avoid the precipitation of the base of 
aminophenolic developing agents or their addi- 
tion products with hydroquinone. Sometimes 
alcohols (from methyl to butyl) are added to 
developers in order to limit their penetration into 
the emulsion so as to obtain a surface image. 

In the case of developers containing hydro- 
quinone and made alkaline by a carbonate, the 
addition of ethyl or methyl alcohol in appreci- 
able quantity gives rise to fog. 

Neutral Salts. The degree of swelling of gela- 
tine in an aqueous solution is reduced by increas- 
ing the salt concentration. If a developer cannot 
be maintained at a temperature below 25 X, 
excessive swelling can be avoided by adding a 
neutral salt having a negligible effect on develop- 
ment (L. J. Brunei, iqio). Of the various salts 
that may be used (sulphates, nitrates, phos- 
phates, oxalates), sodium sulphate is usually 
chosen on account of cheapness. Sodium sul- 
phate is sometimes used, also, to limit the 
penetration of the developer, reducing the depth 
of the image in the emulsion layer and reducing 
the gamma. 

In a developer having a very low salt concen- 
tration, as in the case of amidol developers, 
the ad^tion of sodium sulphate at a moderate 
concentration helps to coagulate the colloidal 
silver that tends to accumulate in the bath, 
especially when developing fine-grain positive 
emulsions, thus avoiding the danger of dirtying 
the whites of the image (L. Lobel, 1920). 

The addition of citrates (§ 747) and tartrates, 
or their acids, to developers causes, in the case of 
developing agents of low reduction potential, a 
depression of density and a regression of the 
sp^ comparable, in some degree, to the effect 
of bromide (L. lobd and J. Lefevre, 1927). 
This effect Seems to be due to a limitation of the 
dissociation of the carbonate by these salts. 
A. von HUbl showed, in fact, that the addition of 


citrate and tartrate (as well as the addition of 
glycerine) reduced the electrical conductivity 
of a developer, and probably also the dissocia- 
tion of the alkali. 

Silver Bromide Solvents. The additions, even 
in very small concentration, of a silver halide 
solvent to a hydroquinone developer tends to 
give dichroic fog (§385). In the case of metol 
developers the addition of a small concentration 
of a solvent tends to dissolve the surface of the 
grains, reducing their diameter, and helping to 
obtain images of low granularity (§473). 
Increasing the sulphite concentration increases 
the solvent power, though this can be achieved 
by adding a small quantity of a solvent such as 
a thiocyanate to a developer containing a 
normal sulphite concentration. 

Various. Development can be slowed down 
by adding to the developer various substances 
such as glycerine, sugars, etc., which, by increas- 
ing the viscosity of the solution, limit its pene- 
tration in the gelatine and slow down the ex- 
changes between the emulsion and the solution 
in which it is bathed (W. de Abney, 1897; 
L. Baekeland, 1899). These measures tend to 
give a superficial image of reduced contrast. 

Glucose has been recommended as a stabilizer 
in concentrated developers containing caustic 
alkali (E. Foumes and H. Diamant-Eerde, 1935). 

Wetting Agents. The wetting of the emulsion 
layer is facilitated, and the risk of the adherence 
of air-bells is reduced, by the addition to the 
developer of about i g per litre of one of a num- 
ber of substances that reduce the interfacial 
tension between water and solid surfaces : 
alkaline sulphoricinates, the sulphonates of 
higher fatty alcohols (known under trade names 
such as Alkanol, Igepon, Teepol, etc.), saponin, 
pyridine, etc. The same substances may also be 
used in a pre-bath. These wetting agents must 
be used in higher concentration in acid or neutral 
solutions than in alkaline solutions. It should be 
remembered that these substances will give rise 
to foam in developers that are violently agitated. 

Wetting agents may be usefully added to 
all baths and to dyes or pigments for tinting or 
spotting. Their presence in the last wash-water 
facilitates flowing during draining and avoids 
the adherence of drops which may give rise to 
drying marks. 

The Usual Components of Developers 

418. Organic Developing Agents. The more 
important organic developing agents are dis- 
cussed in the following paragraphs, classifled 
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according to their chemical nature. The proper- 
ties of each group are indicated, then the pro- 
perties of each particular substance. Most of the 
developing agents are known commercially under 
a number of synonymous trade names. 

419. Polyphenols. The polyphenols are sub- 
stances of a weakly acid nature which give 
phenolates with alkalis, the metal replacing the 
atom of hydrogen in one or more of the hydroxyl 
(—OH) groups. With alkaline carbonate 
solutions the formation of phenolates is always 
very incomplete and most of the polyphenol 
can be extracted from the solution on shaking it 
with ether. The para phenols show the acid 
properties to a more marked degree than the 
ortho compounds, but the latter form strongly 
acid complexes with the salts of boric acid, e.g. 
borax. 

Hydroqutnone. Hydroquinone, paradihj^droxy- 
benzene, quinol, i : 4— CuH4(OH)2, mblecular 
weight 110, was proposed as a developing agent 
by W. de Abney in 1880. It usually appears as 
small, colourless, needle-like crystals, melting 
at i7o°C without decomposition. It is odourless 
when pure. It is very soluble in alcohol (40 per 
cent), somewhat less so in etlier and acetone 
(15 per cent), and is slightly soluble in water 
(57 per cent at I5°C, more when warmer). It is 
insoluble in benzene. Hydroquinone gives the 
diphenolate with caustic alkalis, and principally 
the monophenolate with alkali carbonates and 
other alkaline salts. At one time a crystalline 
substance containing hydroquinone and sulphur 
dioxide 3 CaH4(OH)2 . SO, was obtainable under 
the name hydroquinone yellow. 

Hydroquinone is stable in dry air. When 
dissolved in an alkaline solution (without sul- 
phite) in contact with air, the solution rapidly 
turns yellow and then brown, and gives off the 
sharp odour of quinone. A peroxide is formed 
as an oxidation intermediate (T. H. James, I. M. 
Snell, and A. Weissberger, 1038). At equal ^H 
values, the oxidation of hyctoquinone may be 
13 times as rapid in a borate buffer than a phos- 
phate buffer (A. St, Maxen, 1935), the latter 
inhibiting the catalysis of the oxidation by 
traces of copper salts. It has been mentioned 
above (§ 400) that, in the presence Of sulphite, 
the autoxidation of hydroquinone yields the 
monosulphonate, then the disulphonate. Further 
oxidation yields the same huipic acids as are 
found in o»dation iff the absence of sulphite. 
The oxidation of hydroquinone is consideraUy 
accelerated by m^esia {A. St. Maxen, 193a)* 

Hydroquiacme is used, with strong alkahs 1^ 


with a high concentration of potassium bromide, 
for the development of slow, high-contrast 
emulsions in the copying of documents, eliminat- 
ing tones intermediate between black and white. 
Used with carbonates, it gives warm tones on 
fine-grain positive emulsions. 

For the development of continuous- tone nega- 
tives, hydroquinone is almost always used 
together with metol. 

Chlorhydroquinone. Chlorhydroquinone, or 
chlorquinol, C4HjCl(OH)2, molecular weight == 
I44-5, known also as Adurol or Quinotol, was 
proposed as a developer by Luppo-Cramer in 
1899. It occurs as aJmost colourless needles, 
melting at io6°C. It is more soluble than hydro- 
quinone in water (about 50 per cent at 15X). 
Unlike hydroquinone it is soluble in warm 
benzene. Its reduction potential is higher than 
that of hydroquinone, and under normal 
conditions it gives a blacker image. 

Catechol. Catechol, pyrocatecliin, orthodi- 
hydroxybenzene, i : 2— CgH4(OH)2, molecular 
weight ~ no, was introduced as a developer 
by J. M. Eder and Toth in 1880. It forms plate- 
like crystals which are colourless when completely 
pure but which usually have a pink or ^eyish 
tinge. It has a strong coal-tar odour and 
melts at losX. It is very soluble in alcohol, 
ether, acetone, in water (30 per cent at 
and in warm benzene. A solution containing 
catechol and borax is strongly acid and will 
turn litmus red and liberate carbon dioxide 
from carbonates. 

Catechol is used chiefly in the preparation of 
tanning developers (§ 413) containing a very low 
sulphite concentration. 

Pyrogallol. Pyrogallol, 1:2: 3-trihydroxy- 
benzene, ‘*pyro," CeH8(OH)3, molecular weight 
= 126, improperly called pyrogallic acid, was 
introduced by V. Regnault in 1851. It appears 
both as a very light, white powder, or as small 
colourless crystals (sometimes called Pyral), It 
melts at I33'’C, and is very soluble in alcohol, 
ether, acetone, water (almost 40 per cent at 
15X), and is ^ghtly soluble in warm benzene. 
The aqueous solution rapidly turns brown when 
exposed to air, the oxidation being accelerated 
by the addition of alkali. The oxidation products 
stain the skin and nails brown. 

Since pyrogallol solutions are stable only when 
add, they are usually prepared by mixing two 
stock solutions, one containing the pyrogallol 
with bis^hite, and the other the adkali. 
The maximum energy is adneved by using a 
caustic alkali in quantity suiSIdent to form the 
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mcnophenolate (E. Valenta, iqoz). i.e. 32 g of 
sodium hydroxide per 100 g of pyrogallol beyond 
the quantity required to neutralize the bisul- 
phite. Further addition of cJkali gives rise to a 
dense fog and discoloration of the bath. 

While pyrogallol has long been used for the 
development of plates and films, its poor keep- 
ing qualities make it unsuitable for large-scale 
industrial use. It has been suggested that its 
monomethyl ether (Rubinol), or its monocthyl 
ether, sho^d be us^ instead because they are 
less readily autoxidized. They do not stain the 
fingers, and their reduction potentials are only 
slightly inferior to that of pyrogallol itself. 

420. Aminophenols. The aminophenols are 
amphoteric substances, acids by virtue of being 
phenols and bases by virtue of their amino 
group or groups. The acid properties are mani- 
fested chiefly when they contain two hydroxyl 
( — OH) groups. Thus, while in all cases the mono- 
phenolate is formed in the presence of caustic 
alkalis, the carbonate alkdis only give the 
phenolate in the case of the aminodiphenols, 
e.g. diaminoresorcinol. The aminophenols are 
only stable in the form of a salt (hydrochloride, 
sulphate, oxalate) the free base being rapidly 
oxidized in air. It is these salts which usually 
comprise the commercially available develop- 
ing agents. The following table shows the weights 
of various alkalis necessary to neutralize the 
acid and form the free base of the aminophenol. 
For convenience, the diamine paraphenylene- 
diamine hydrochloride is included in this table. 
The quantities of carbonate, borax, and tri- 
sqdium phosphate correspond to the amounts 
required to form the bicarbonate, boric acid, 
and disodium hydrogen phosphate respectively. 

Weight of the Various Alkalis needed to liberate 
100 g of Free Base. 



Paraminopkenol 
Hydrocbloiioe Oxalate 

Metol 

sulphate 

Parapheny- 

leneoiaiTUne 

hydro. 

chloride 

Wd^ht of Developer 
Sdtneed 

133-5 *4* 

140 

1677 

Sodinm hydroside 

368 

3^6 

37-a 

Fotaseiiim hydnnlde 
Sodium carboute, 

51-4 

466 

5»-» 

•obydrous 

97-a 

86 a 

98 a 

FotaMlum cazbonate 
anliydniM 

I36'9 

tirs 

«7-7 

Borax 

174-7 

154*6 

176-6 


174-3 

, 135 

177 


Paraminophenol, The hydrochloride of 
paraminophenol i : 4— C,H4(OH)(NHg,HCl), 
molecular weight 145*6, was recommended as a 


developing agent by A. and L. Lumi^re and by M. 
Andresenin i8gi. It appears in the form of white, 
or grey, crystalline needles, which decompose 
before melting. It is very soluble in water (about 
25 per cent at I5°C), less soluble in alcohol, 
and insoluble in ether. .The free base is much less 
soluble in water (about i per cent at I5°C) and 
in solutions of sulphite and carbonate. It is very 
soluble as the phenolate in the presence of caus- 
tic alkalis, and this property is made use of in 
the preparation of very concentrated developers 
which are diluted 20 to 100 times for use. The 
addition of an alkali carbonate to a solution of 
the hydrochloride is accompanied by efferves- 
cence and the precipitation of the free base. 
Particularly in the United States, paramino- 
phenol is sometimes sold as the oxalate (Kode- 
lon). J. Desalme, 1924, has suggested that the 
tartrate should be used, in which case the free 
base is not precipitated on adding carbonate. 

Meiol. Metol, also known as Genol, Rhodol, 
Viterol, Elon, Monol, Scatol, Satrapol, Pictol, 
Atolo, etc., is the sulphate of N-methylparamino- 
phenol, CH3NH.CeH4.OH, IH3SO4, molecular 
weight = 172. It was first prepared and recom- 
mended by A. Bogisch in 1891. It takes the form 
of smaU colourless plates which decompose before 
melting, and which are soluble in water (4*5 per 
cent at I5°C) and in alcohol, and insoluble in 
ether. 

On adding carbonate to a concentrated solu- 
tion of metol, the free base is precipitated, as it 
also is when sodium sulphite is added. The free 
base melts at 85°C. It is soluble in alcohol, ether, 
and acetone, and in strongly alkaline aqueous 
solutions. 

After considerable aerial oxidation a sulphite 
solution of metol appears brown with a blue 
fluorescence. On exposure to air, an alkaline 
solution of metol (without sulphite) turns 
rapidly, through yellow, to a dark brownish- 
violet colour as the result of the formation of 
polymerized oxidation products. 

Metol can develop when dissolved in a plain 
sulphite solution, but it is made much more active 
on adding alkali. At high pH values, when a 
caustic alkali is used, the reduction potential 
is very high and the tendency to give fog 
nwessitates the use of bromide. Contrary to a 
widely held opinion, metol developers (without 
hydroquinone) will give gamma values as high 
as other developers, providing that the develop- 
ment is sufficiently polonged. Metol is often 
used in association vnth hy^oquinone (§ 419). 

The dermatitis which metol developers cause 
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on the skin of allergic users is occasioned by 
traces of dimethylparaphenylenediamine some- 
times present as an impurity in the metol. 

Glycin. Glycin, which differs from the amino- 
phenols referred to above in that it is an amino- 
acid and exists without added acid as an internal 
salt, is parahydroxyphenylaminoacetic acid, 
CeH4(OH)NH . CHjCOOH, molecular weight = 
167. It is known also as Iconyl, Glyconiol, 
Kodurol. Monazol, or Athenon. Glycin, which 
was introduced by Bogisch (i8qi) appears in 
the form of colourless brilliant plates which 
decompose at about 200°C. It is almost insoluble 
in water (0*23 per cent at I5°C). It is insoluble 
in alcohol and in ether, while it is soluble in 
dilute inorganic acids, and in mildly alkaline 
solutions of carbonate and sulphite. It is very 
soluble in solutions of caustic alkalis. 

An important characteristic of glycin is that 
it is only very slowly oxidized by air, either 
in the dry state, or in even very dilute alkaline 
solution. It is well suited for prolonged develop- 
ments. It has been used for the development of 
motion picture films on continuous processing 
machines in which the developer is agitated by 
bubbles of compressed air, and in development 
on a rotating partially immersed drum. 

Potassium carbonate is better than sodium 
carbonate as the alkali for glycin developers 
because it allows the preparation of more con- 
centrated stock solutions. 

421. Diaminophenol. By virtue of its two 
amino groups, diaminophenol can develop 
rapidly in a plain sulphite solution. The 
developer thus obtained has a very high reduc- 
tion potential. 

The dihydrochloride of 2 : 4-diaminophenol, 
CeH8(OH)(NH2)„ 2HCI, molecular weight = 197, 
known also as Amidol, Diamol, Dolmi, Acrol, 
etc., was introduced by A. Bogisch in 1891.* It 
appears usually as light or dark grey needles, 
which, on heating, decompose before melting. It 
is very soluble in water (25 per cent at I5°C), and 
it is precipitated from its concentrated aqueous 
solution by an excess of hydrochloric acid. It is 
almost insoluble in alcohol and in ether. It is 
veiy soluble in sulphite solutions, the sulphite 
being transformed in part into bisulphite. This 
developer oxidizes fairly rapidly in air and, for 
this reason, should be prepared immediately 
before use. On adding sdkaiis to this solution 
the oxidation is greatly accelerated and a deep 
violet discoloration appears. If, on the other 
hand, a weak acid is added (bisulphite, or boric, 
lactic, or glycolic acids) the solution becomes 


much more stable and the developer can be 
held for several days in a dish. 

It has been suggested that amidol developers 
can be stabilized by the addition of i to 2 g per 
litre of metol or hydroquinone, which do not 
affect the photographic behaviour at this low 
level of alkalinity. Again Desalme found (1921) 
that amidol developers could be stabilized by 
the addition of tin salts, e.g. sodium stannotar- 
trate. 

When an amidol developer is acidified to the 
point where there is no longer any neutral 
sulphite in solution, it acts as a depth developer, 
the development commencing at the bottom of 
the emulsion layer (§390). Amidol developers 
give a neutral grey image. The solution tends 
to 'Stain the skin and nails. 

422. Phenylenediamines. Paraphenylenedia- 
mine or i : 4-diaminobenzene, which was first 
proposed by M. Andresen in 1888, is marketed 
either as the free base or the dihydrochloride, 
C4H4(NH2), 2HCI, molecular weight = 181. The 
base appears as crystalline platelets which, 
though colourless when very pure, are usually 
light grey in colour. The base melts at I40®C, 
is slightly soluble (37 per cent at I5°C) in water, 
and is soluble in ether and alcohol. The aqueous 
solutions have a definite solvent action on silver 
bromide. The dihydrochloride appears as fine, 
grey (colourless when pure) crystalline tablets 
which decompose before melting. It is soluble 
in water, slightly soluble in alcohol, and insoluble 
in ether and in concentrated hydrochloric acid. 

In plain sulphite solution, paraphenylenedia- 
mine develops very slowly, only reducing a 
part of each grain, thus giving images of low 
contrast with very low ^anularity. Materials 
destined for development in such paraphenylene- 
diamine solutions should be considerably over- 
exposed, judged by normal stan(^ds. Better 
contrast can be obtained by adding borax or an 
alkaline carbonate to the developer, but develop- 
ment is still very slow and tends, often, to give 
rise to some dichroic fog. If, however, the sul- 
phite solution of paraphenylenediamine is made 
alkaline by a caustic alkali, a rapid developer 
of high reduction potential is obtained. Even 
with a low concentration of sulphite this de- 
veloper keeps quite well. Its oxidation products 
are colourless. 

The rate of development is increased by all 
circumstances which decrease the concentra- 
tion of the oxidation products. In the present 
case this can be brought about by an increase in 
the alkalinity, which accelerates the spontaneous 
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decomposition of the oxidation products of 
paraphenylenediamine, and by the presence 
of agents which couple with the oxidized 
phenylenediamine (T. H. James, 1939). 

The activity of phenylenediamine developers 
is considerably enhanced by the addition of 
thiocyanates (or sulphocyanides) in a concen- 
tration of about 1 g per litre (L. D. Mannes and 
L. Godowski, 1935). 

The dimethyl- and diethylparaphenylene- 
diamines and particularly paraminodimethyl- 
aniline, CeH4 .NH, . N(CHa)*. 2HCI. which are 
more soluble than the^non-alkylated compound, 
and less readily oxidized in air, give energetic and 
stable developers on being made alkaline by 
sodium carbonate. These developing agents 
are much used in colour development. However, 
these agents are very harmful to the skin. 

A very soluble derivative which does not 
attack the skin is N-^-methylsulphonamido- 
ethyl-4-aminoanUine (NHj)C4H4(NH . CjH^ . NH . 
SOaCHa). This and some homologues have been 
proposed for colour development in the presence 
of sulphite and carbonate (A. Weissberger, 

1939)- 

Orthophenylenediamine, or i : 2-diaminoben- 
zene, CaH4(NHj)a, molecular weight == 108, is 
similar to the para isomer in its properties. 
However, it is less liarmful to the skin and is 
used in a number of proprietory fine-grain 
developers. 

423. Developer Defxnatitis. While the impuri- 
ties found in metol are present only in sufficient 
concentration to cause dermatitis in allergic 
subjects, whose susceptibility is greatly increased 
after a first attack, the continual handling of 
pafaphenylenediamines, especially the dimethyl- 
and diethyl-homologues, results invariably in 
dermatitis unless suitable precautions are taken. 

It in usually recommended that the hands 
should be rinsed in dilute hydrochloric acid 
after handling the developing agents in the dry 
state or in solution. The acid (2 ml of concen-^ 
trated acid per 100 ml) should be situated per- 
manently in a bowl near to the developing 
dishes. The efiectivenesS of this precautionary 
measure is probably due to the phenylene- 
diamines bemg innocuous in the form of the 
hydrochloride (J. Southworth, 1938). This 
treatment is advantageous also in. that it helps 
to avoid staining of the hands. 

The weai^ of rubber gloves is reconuriended 
when handling the alkylat^ pbenylenediamines, 
especially for operators who have had a previous 
> atbck of dennatitis. However, the wearing of 


rubber gloves induces sweating and some skin 
troubles can arise if the gloves are not frequently 
washed and dried. 

Various ointments have been suggested to 
protect the skin while handling developers, 
but they are often too ^easy and fluid. The 
following mixture, which is soUd below 90X has 
been devised by G. D. Hiatt (1939). A mixture 
of 33 parts of ohve oil and 22 parts butyl 
stearate is heated to I30°C. Eleven parts of cellu- 
lose butyrate (56 per cent butyryl) are added and 
dissolved by raising the temperature to I70°C. 
After cooling to I50°C, 33 parts of zinc oxide are 
added. The cold mixture can be rubbed easily 
on the skin. 

In the event of an outbreak of dermatitis it 
is best to consult a medical practitioner. How- 
ever a method of treatment (A. Jourdan, 1935) 
which has often given excellent results is as 
follows. The affected part is bathed for 2 hours 
a day in water as liot as can be tolerated. The 
itching stops after the first day, healing starts 
on the third day, and recovery is often complete 
in about a week. 

424. Alkalis, podium hydroxide, or caustic 
soda, NaOH, molecular weight = 40, is usually 
obtainable in the form of waxy-white flakes, 
pellets, or small sticks, and as a concentrated 
solution or lye. It is available in various grades of 
purity, though most of the grades, if clean and 
white, will serve for photographic solutions. 
The ordinary grade usually contains from 2 to 
7 per cent of sodium carbonate, the actual 
proportion depending upon the degree to which 
it has been exposed to the atmosphere. It also 
contains a sm^ proportion of soffium chloride. 
Since sodium hydroxide is strongly deliquescent, 
the solid usually contains a sm^ quantity of 
absorbed water. 

Sodium hydroxide solutions are extremely 
caustic, especially when warm or hot, and care 
should be taken when handling them to protect 
the skin and eyes. Protective goggles should be 
worn and any splashes on the skin or clothing 
should be wash^ immediately with plenty of 
water. 

To prevent the absorption of moisture and 
carbon dioxide from the atmosphere, solid 
sodium hydroxide should be stored in tins or 
plain iron drums with well fitting lids. Neither 
the solid nor its solutions should ever be stored 
in glass containers with ground-glass 8toi^;>ers 
because these inevitably become jammed In use. 

A considerable quantity of heat is evolved 
when sodium hydroxi^ is dissolve in water. 
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For this reason, cold water should alwa5rs be 
used and the sodium hydroxide introduced 
slowly, while the solution is constantly stirred. 
Without these precautions the solution may boil 
with explosive violence, and the intense local 
heating may fracture a glass or ceramic container. 

Sodium hydroxide solutions rapidly dissolve 
aluminium, zinc, and tin and should not be 
allowed to come into contact with these metals 
or tinned and galvanized iron. 

Potassium hydroxide, or caustic potash, KOH, 
molecular weight — 56, is very similar in its 
properties and appearance, etc., to sodium 
hydroxide and all the above remarks on sodium 
hydroxide apply equally well to the potassium 
compound. 

Lithium hydroxide is only infrequently used in 
photography because of its comparative rarity. 
1 1 appears in commerce usually as the cry.stalline 
liydrate LiOH, HgO, molecular weight ^ 42, 
which has the advantage of being non-dcliques- 
cent. While the sodium and potas.sium hydrox- 
ides are soluble in water in all proportions, 
lithium hydroxide is only soluble to the extent 
of about 15 per cent. 

Ammonium hydroxide, or "ammonia," is 
considerably less basic than the alkali metal 
hydroxides. It is formed on dissolving ammonia 
gas, NHg, molecular weight ~ 17, in water. The 
gas tends to leave the solution and some is 
lost each time the bottle is opened. The alkaline 
properties of the solution result from the presence 
of ammonium hydroxide, NH4OH, molecular 
weight := 35. The following table gives the 
specific gravity of various ammonia solutions. 
The concentrated solution usually obtainable 
should have a specific gravity of o*88. 

Specific Gravity at 15°C . 0*958 0*924 0*895 0*882 
J Percentage of NH, . .10 20 30 35 

Crude solutions of ammonia are contaminated 
by various salts (carbonate, chlorides, sulphates, 
sulphides) and nitrogenous organic bases, parti- 
cularly pyridine. 

Care should be exercised when handling 
concentrated ammonia solutions, especially when 
opening bottles, to prevent accidents through 
inhaling the concentrated vapour. Ammonium 
hydroxide dissolves silver chloride and bromide 
freely but will dissolve only a trace of silver 
iodide. 

Dilute (3 per cent >5Hg) ammonium hydroxide 
dissolves i^ver chloride to the extent of about 
1*3 per cent. A stronger solution (15 per cent 
NHg) will support up to 7*3 per cent silver 
chloride and o-x per cent silver bromide. 


Triethanolamine. Triethanolamine N(CH2 . 
CHjOHjs, molecular weight sr= 149, was sug- 
gested for use as an alkali in fine-grain developers 
by M. L. Dundon in 1932, and in colour 
developers by E. E. Jelley in 1938. The commer- 
cial liquid is yellowish and viscous, with a very 
faint ammoniacal odour, and usually consists of 
a mixture of 80 -85 per cent triethanolamine, 
the remainder being di- and monoethanolamine. 
This liquid, of specific gravity i-i2 at 20°C, is 
more basic than ammonia but is neither caustic 
nor irritant. It has no action on gelatine nor 
on the support of films. It has a lower solvent 
action in silver halides. 

It should be stored in well-stoppered bottles, 
because it absorbs moisture and carbon dioxide, 
and slowly turns brown in contact with air. 

425.' Alkaline Carbonates. Sodium carbonate 
is supplied in several forms. A nhydrous sodium 
carbonate, Na^COj, molecular weight — 106, 
appears as a white powder in either a dense or a 
light form, the light form being more common. 
The monohydrate, NagCOg, HjO, molecular 
weight — 124, takes the form of stable, colourless 
crystals similar in appearance to granulated 
sugar. It is sold in various grades, the crystals 
varying from about i to 5 mm across. The 
monohydrate is known also as crystal carbonate 
(not to be confused with sodium carbonate, 
crystalline, below). This form is more common 
in photographic work in the United States, 
although it is manufactured in Great Britain, 
too. The last, and most common, of the carbon- 
ates that are used in photography is the deca- 
hydrate, N agCOg, loHgO, molecular weight - 2S6, 
which is the usual sodium carbonate, crystalline 
which, in its crude form, is known as washing 
soda. 

When fresh, the anhydrous salt contains 
98 per cent of sodium carbonate,, but it slowly 
absorbs moisture and carbon dioxide forming 
the bicarbonate. If anhydrous sodium carbonate 
is spread in a thin layer in moist air, it will, 
after 15 days, contain 20 to 25 per cent of bicar- 
bonate. 

The monohydrate is the stable form, .^hy- 
drous sodium carbonate tends to pick up moisture 
and the decahydrate to lose water of crystalliza*- 
tion, to form the monohydrate, ^en fresh it 
contains no bicarbonate and has little tendency 
to absorb carbon dioxide. 

The decahydrate is effiorescent. Of the two 
forms, the anhydrous and the decahydrate, the 
anhyio!^ is to be preferred because the efflora- 
cent decahyckatc loses moisture more rapidly 
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than the anhydrous tends to gain it, and so is 
more likely to cause errors. 

The pure, anhydrous, monohydrated, and 
decahydrated forms may be interchanged in the 
proportions shown in the following table. 

Anhydrous Monohydrate Decahydrate 

Anhydrous i*oo 0*85 0-37 

Monohydrate 1*17 100 0-43 

Decahydrate 2*70 2*25 1*00 

Sodium carbonate is quite soluble in water. At 
15X the saturated solution contains about 16 per 
cent of the anhydrous salt, the concentration 
reaching 36 per cent at 30X. 

Potassium carbonate is usually obtained in 
the anhydrous form, KjCOg, molecular weight 
= 138, as a white deliquescent powder which 
should be stored in a well-sealed container. It 
absorbs moisture and carbon dioxide very 
readily to form the bicarbonate and, unless a 
specially purified sample is obtained, most speci- 
mens contain a considerable proportion of the 
bicarbonate. At 15X the saturated solution 
contains 81 g of potassium carbonate per 100 cc. 
At equal concentrations potassium carbonate 
renders a developer more alkaline than does 
sodium carbonate. 

Ammonium carbonate. The ammonium car- 
bonate used in some developers for warm- 
tone prints is not the normal carbonate 
(NH4 )jC0j but the sesquicarbonate (NH^jjCO,, 
2(NH4)H . CO,, H, 0 , molecular weight = 272. 
Ammonium sesquicarbonate appears as hbrous 
lumps having an ammoniacal odour. It usually 
contains a considerable proportion of ammonium 
carbonate. It should be stored in tightly 
stoppered containers. If the crystals of ammo- 
nium sesquicarbonate are covered with a white 
crust, it ^ould be removed by rinsing briefly, and 
then blotting off the moisture before weighing. 
Tlus salt, which is very soluble in cold water 
(about 25 per cent) is decomposed on heating. 

426. Various Alkaline Salts. Sodium phos- 
phaUs, Sodium orthophosphate, Na,P04, 12 H, 0 , 
molecular weight = 380, also known as tribasic 
sodium phosphate, appears usually as white, 
efflorescent cr3rsta]s. It is very soluble in water 
(20 per cent at i5°C), and is more basic than the 
carl^nate, at equal concentrations. The indus- 
trial product usually contains an excess of sodium 
hydroxide. 

Sodium pyrophosphate, Na4P,07, loHjO, mole- 
cular weight = 446, has been su^ested (W. H. 
Wood, 1939) as a moderate alkali for fine-grain 
^developers. 


Sodium borates. Two sodium borates are 
used. The metaborate is sold as the tetra- and 
octahydrates, Na,B,04, 4H,0, molecular weight 
= 2037, and Na^,04, SHjO, molecular weight 
= 2757. Sodium metaborate is fairly basic. 

Borax, which is feebly alkaline, is the tetra- 
or pyroborate, Na,B407, ioH, 0 , molecular 
weight = 381. 

Sodium metaborate is very soluble in water 
(33 per cent at 19X). The crystals are efflores- 
cent, so they should be stored in a closed con- 
tainer to avoid loss of water vapour as well as to 
limit the absorption of carbon dioxide. The 
equivalent of 100 g of sodium metaborate 
(4H,0) can be obtained in solution by adding 
14-5 g of sodium hydroxide to a solution con- 
taining 6q g of borax, providing that the borax 
and sodium hydroxide are pure. 

This salt, like sodium orthophosphate, has 
the advantage of yielding developers whose 
alkalinity is intermediate between that of car- 
bonate and caustic solutions. Unlike sodium 
carbonate, sodium metaborate does not give 
rise to bubbles of gas on being carried into an 
acid solution, so there is no danger of the 
occurrence of gas blisters in the emulsion when 
an acid stop bath or fixer is used directly after 
development. Again metaborate is to be pre- 
ferred to orthophosphate because the latter 
tends to cause a precipitate when carried into 
fixing baths containing alum (§ 492). 

Borax is generally supplied in the form of a 
fine, white, efflorescent, crystalline powder. It is 
only moderately soluble in water (2 per cent at 
15X). It should be stored in a well stoppered 
container to avoid loss of water of crystallization 
and the errors in weighing that would result. 

Borates should not used in developers 
containing catechol or pyrogallol because, with 
boric acid, these form strongly acid complexes of 
poor developing activity. 

Various. Of the other alkaline salts that have 
been used in developers, sodium aluminate ( J. R. 
Allburger, 1939) and sodium metasilicate (H. D. 
Russell, 1936) may be noted. 

427. Practical Equivalence of the Usual 
Alkalis. At equal concentrations expressed in 
grammes per litre, sodium and potassium salts are 
practically interchangeable. It is only in this 
case that two alkalis can be substituted for each 
other in proportions that correspond to the same 
neutralizing capacity. Concemi^ alkalis, there 
is no relationship between equivalent quantities 
in a developer and quantities equivalent in 
the sense that they liberate the same amount of 
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heat when they are neutralized by the same acid. 
It has already been mentioned that in a fresh 
negative developer there is equivalence between 
alkalis that bring the bath to the same pH value 
(§293), but without the presence of buffers to 
ensure constancy of it is impossible to 
envisage any practical equivalence between, for 
example, carbonates and caustic alkalis. A 
sodium carbonate solution containing 21*2 g 


sodium sulphite, (c) to one of the forms of 
bisulphite, \d) and (e) to sodium hydrosulphite, 
(/) and (g) to sodium thiosulphate. 

The co-existence of the sulphinic (a) and 
sulphonic (6) forms of sodium sulphite is illus- 
trated by the fact that different substances are 
obtained when sodium bisulphite is neutralized 
by potassium hydroxide, than when potassium 
bisulphite is neutralized by sodium hydroxide. 
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(anhydrous) per litre has a of ii-O, a value 
which would be reached by a concentration of 
sodium hydroxide of 0-13 g per litre, a quantity 
that would very rapidly become neutralized 
and would thus become useless in facilitating 
development. A suitable buffer allows the 
amount of available alkali to be increased while 
maintaining the of the bath at a relatively 
low and almost constant level. 

The rule that alkalis can be interchanged at 
equal values must not be considered as being 
absolute. For example, a developer having a 
high concentration of sodium orthophosphate, 
because of its high viscosity, will penetrate into 
the emulsion layer much more slowly than one 
brought to the same pH by sodium metaborate. 
For this reason, and because the rates of change 
of solution at the emulsion surface would be 
less in the more viscous solution, development 
would be slower in the phosphated developer. 

428. Sulphites. Many of the properties of 
the sulphites, as well as of the hydrosulphites 
(thionites), and thiosulphates, are difiicdt to 
explain unless the fact is taken into account that 
each of these salts has two tautomeric forms 
which coexist in equilibrium in solution. The 
various structures are schematized in Fig. 
28.12. Formulae (a) and (b) correspond to 

Z 9 — (0.3630) 


Various organic derivatives are known corres- 
ponding to the two forms. 

Sodium sidphite. Sodium sulphite is the salt 
that is usually used in developers. The potassium 
salt is very rarely used. Sodium sulphite is 
supplied in the anhydrous state, NajSOa, mole- 
cular weight = 126, or as the crystalline septahy- 
drate Na^SO^, yHfi, molecular weight = 252. 
One g of the anhydrous salt is thus equivalent 
to 2 g of the hydrate, providing both are pure. 

The anhydrous salt is a fine, dense, white 
powder which, by settling down into a close- 
packed form, protects itself against the action 
of the air. The hydrate appears as small, colour- 
less, efflorescent crystals which are often covered 
by a, powdery coat of the anhydrous salt. The 
proportion of sodium sulphite in the anhydrous 
product is usually greater than 90 per cent. The 
hydrate contains between 40 and 45 per cent of 
sodium sulphite (anhydrous). Both products 
contain small proportions of sulphate and dithio- 
nate arising from oxidation, together with some 
carbonate, chloride, and traces of thiosulphate. 
Sodium sulphite should be stored in closed con- 
tainers. 

Sodium sulphite is very soluble in water 
(about 15 per cent anhydrous at 20°C). While 
the hydrate cools the solution on dissolving, the 
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anhydrous salt causes no change in temperature 
and for this reason is to be preferred when the 
developer is made up immediately before use. 

Solutions of sodium sulphite are alkaline 
towards litmus, which is turned blue. The 
oxidation of sulphite solutions is very slow at 
^H greater than 9*6 (T. H. James and A. 
Weissberger, 1939). The rate of oxidation 
of the neutral solution is decreased greatly by 
traces of hydroquinone or paraminophenol, and 
by alcohols, glycerine, mannite, or ordinary 
sugar. Stock solutions of sulphite should not 
be made up to last for periods greater than one 
week. 

The addition of acids causes the formation 
of bisulphite and sulphurous acid, and the 
solution tends to lose sulphur dioxide (SO,). 

The sulphites form complexes with the salts 
of various heavy metals. Sodium sulphite 
solutions dissolve silver chloride and bromide, 
an 8 per cent sulphite solution dissolving 
o-o8 per cent of silver bromide. The solution 
slowly deposits colloidal silver and sodium 
dithionate is formed. Calcium sulphite is 
insoluble and gives rise to the whitish sludge 
which slowly settles from developer solutions 
made up from hard water (§ 289). 

429. Sodium Bisulphite. So^um bisulphite, 
or s^um acid sulphite, NaHSO,, molecular 
weight = 104, is obtainable as a white powder, 
similar in appearance to sodium sulphite and 
containing about 80 per cent of available 
bisulphite. 

The solutions of sodium bisulphite have the 
properties of a mixed solution of sodium sulphite 
and sulphur dioxide (sulphurous anhydride). 
Sulphur dioxide is freely emitted from the 
solution on exposure. In solution sulphur 
dioxide forms sulphurous acid aiid it is this that 
reduces solutions of chromates and perman- 
ganates. Bisulphite solutions dissolve silver 
bromide and chloride in the same way as sulphite 
solution. 

Bisulphite solutions should not be allowed to 
come into contact with zinc, galvanized iron, 
or othCT easily oxidized metals, because, in the 
presence of these, hydrosulphite is formed which 
tends to cause a heavy fog or stain. 

Bisulphites, which are added to the part of a 
two-solution developer containing the alkali, 
will neutralize some of the alkali ^en the two 
parts are mixed. Account should be taken of 
this fact when devising the formulae of the two 
po^. \nien a caustic alkali is used, the bisul- 
phite is transformed into sulphite. When an 


alkali carbonate is used the bisulphite is con- 
verted to sulphite with the formation of an 
equivalent amount of bicarbonate. 

Potassium metabisulphite. Potassium metabi- 
sulphite, or pyrosulphite, KgSjO,, molecular 
weight — 222, takes the form of large colourless 
crystals. These are quite stable, but over a 
long period may become covered with a crust of 
potassium sulphate and dithionate. Potassium 
metabisulphite is fairly soluble in water, the 
resulting solution containing the bisulphite, 
KHSOg. The solution should be prepared in the 
cold, all the bisulphite solutions being decom- 
posed, through loss of sulphur dioxide, on 
heating. 

430. Alkali Bromides. Potassium bromide 
forms small anhydrous crystals, KBr, molecular 
weight = 1 19, colourless or white, cubical in 
shape, very soluble in water (over 60 per cent at 
6o°F), insoluble in alcohol; the chief impurity 
is potassium chloride, which, however, does not 
interfere with the action of the bromide. 
Potassium bromide is a.jDerfectly stable salt. 

Sodium Bromide. Sodium bromide is a very 
deliquescent salt, of very variable composition. 
It is appreciably cheaper than potassium 
bromide, but can only be used where sufficient 
quantities warrant the trouble of ascertaining 
the quantities to be used, the salt being made 
up into stock solutions as soon as purchased. 

Ammonium Bromide. This occurs in the form 
of small colourless crystals of anhydrous salt 
(NH|Br), which is slightly deliquescent, and turns 
yellow on long exposure to light. It is even 
more soluble in water than potassium bromide 
and is slightly soluble in alcohol. It slowly 
decomposes at boiling point. It is used in 
some formulae for warm-tone developers. 

Practical Notes 

431. Qualities Desirable in a Developer. The 
qualities demanded of a developer vary some- 
what according to the results required, and 
according to the method of use. 

In all cases, the developer should cause no 
more than a moderate degree of swelling of the 
gelatine emulsion. It should not oxidize rapi^y 
in contact with air, and it should have a low 
tendency to cause fog or stain on sensitive 
materials. It is advantageous if the rate of 
change of jgamma with time is slow in the region 
of the desured gamma value. 

According to the work in hand, the devidoper 
should be capable of developing the shadow 
details without it being necessary to proceed to a 
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high gamma value ; or, it should be capable of 
giving images of the finest possible granularity 
without having to compensate for the incomplete 
development by giving a considerable over- 
exposure ; or, on the other hand, it should give 
the maximum contrast so that low exposures 
are not developed in order that the effects 
of irradiation or reflections may be eliminated 
in the copying of subjects containing only black 
and white tones. It may be necessary to examine 
the image after the shortest possible delay 
without sacrificing to any great extent the grada- 
tion of the image or the shadow detail. 

In an industrial, or semi-industrial establish- 
ment, economic considerations are more impor- 
tant than they are in the darkroom of the 
amateur, the portraitist, or the scientiftc worker. 
The cost of development per unit area of pro- 
cessed material should be as low as possible, 
consistent with a perfect regularity of results, 
whence it is required to maintain the developer 
at constant activity for a long period to make 
the best use of constituents. 

432. The developer should not be used at an 
unnecessarily high concentration because this 
l(‘ads to waste of chemicals even when the bath 
is used to the point of complete exhaustion. 
The sensitive material, even after draining or 
squeegeeing, carries an appreciable quantity of 
solution out of the bath, and this is more costly 
if the bath is more concentrated. The developer 
carried over will, if more concentrated, more 
rapidly neutralize the stop bath and make it 
necessary to re-acidify the fixing bath more 
frequently. 

When working to low gamma values, the 
developer shpuld be sufficiently dilute to avoid 
the necessity for very short times of development 
which often result in local irregularities in 
development. As a general rule, the concentra- 
tion of the developer should be adjusted to 
give a development time of 5 minutes in dish 
development or 20 minutes in tank development. 

On the other hand, too great a dilution of the 
developer should be avoi(ted because, in this 
case, the exhaustion is too rapid and it is 
difficult to maintain the bath at constant 
activity. 

It should be remembered that a very dilute 
developer gives rise to a greater fog density than 
would be obtained in a^quicker-^ting devdoper. 

433* Formulae for Developers. &me ^oto- 
graphers spend most of their time testing 
successively all the developing formulae that 
they see, even when they diow but negligible 


differences from other formulae previously tried 
(differences of the same order as those resulting 
from the uncertainty regarding the actual con- 
tent of active substances in the products used). 
They attribute the success of other workers to 
the possession of some ideal formula, kept 
jealously secret, and making good all the 
failings of the photographer. 

Except for some very special purposes, which 
require the use of developing baths of a composi- 
tion considerably different from those of the 
usual type, any good formula is as suitable as 
another, and the best are generally not the most 
complicated. The choice between various cur- 
rent formulae should be made more on account 
of cost than for technical reasons. It has often 
been said that the best developer is the one with 
which the photographer is familiar, and it is 
not by abandoning one formula for another at 
the moment that its use is becoming familiar 
that the best results can be hoped for. 

Some ridiculous formulae have been published 
owing to mistakes in converting foreign weights 
and measures or to typographical errors. Chance 
coincidences have led some practical workers, 
with little experience of experimental methods, 
to recommend the addition of products which 
are completely useless. Putting such exceptions 
aside, success depends more on the judicious 
conduct of the operations than on the choice of 
a particular formula. 

434. The Swelling of Gelatine. The hard 
gelatines used in the manufacture of emulsions 
absorb comparatively little water, the amount 
depending upon the degree to which they were 
hardened before coating. On an average, at 
about I5°C, the gelatine of photographic 
emulsions absorbs about 7 times its own weight 
of plain water after 10 minutes' immersion. 

The swelling of gelatine prepared by an 
alksdine process is least in a weakly acid medium 
(^H about 4*6) corresponding to the isoelectric 
poinf of the gelatine (the gelatines obtained by 
an acid process usually have a much higher 
isoelectric point at pK 7 to 8). In ah acid solu- 
tion of pH lower than the isoelectric point, the 
gelatine, which is an amphoteric substance 
(§ 191), combines with acids by virtue of its 
amino groups. In an alkaline solution, on the 
other hand, it combines with the alkali through 
its acid groups. On the acid side, the swdling 
readies a maximum between 2*5 and 27. On 
the alkaline side, the swelhng increases steadily 
and becomes considerable in dilute solutions of 
caustic alkalis at about pH 12. 
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The swelling is much limited by the presence 
in solution of salts at a relatively high concen- 
tration. Thus, there is not much swelling in a 
15 per cent solution of sodium carbonate, the 
gelatine absorbing only half its own weight of 
solution in spite of the high pYi value. Even 
in a 5 per cent sodium carbonate solution it 
swells to a lesser extent than in plain water. As 
will be seen below, a swollen emulsion can be 
dried almost instantaneously by immersing it 
in a very concentrated salt solution (§ 521). 

The swelling is considerably increased on 
warming the solution which may cause an irre- 
versible deformation of the gelatine. 

The gelatine is attached to a non-stretching 
support and can only swell in a direction 
perpendicular to it. When the swelling is 
excessive, the tangential forces are great and 
can cause the gelatine to separate from the 
support or, if the adhesion is sufficiently great, 
the gelatine reticulates. 

435. In the course of the usual processing, 
a photographic emulsion passes, in succession, 
through an alkaline developer, the rinse water, 
an acid fixer, and the final wash water. Thus the 
gelatine is alternately swollen and contracted, 
which puts its strength to a severe test (S. E. 
Sheppard, 1928). 

Unless the developer contains a relatively 
high concentration of salts (sulphite, carbonate, 
and sometimes sulphate), there is a danger that 
the swelling will unlimited and will cause a 
disintegration of the gelatine. 

These conditions tend to be produced, 
especially at high temperatures, in a very dilute 
developer by the low salt concentration as well 
as by tlie prolonged time of immersion in the bath . 

By lowering the salt concentration, rinsing 
(after development) considerably increases the 
swelling. The swelling is abated in the acid 
fixer, but it is increased anew in the final 
washing. The danger of damage is increased 
when the various baths are at very different 
temperatures. 

436. Methods of Agitation. The layer of 
liquid in direct contact with the emulsion, in 
which the developer oxidation products accumu- 
late after diffusing out of the emulsion, is very 
adherent and can only be displaced by a suffi- 
ciently vigorous ^tation. A simple displace- 
ment of &e sensitive material relative to the 
solution in the bath only serves to slide this 
layer along the emul^on surface without remov- 
ingit. 

In the. case of dish development, rocking the 


dish, if it does not achieve uniformity of develop- 
ment, is sufficient to avoid the deleterious effects 
of exhaustion products (§§ 395-7). Use can be 
made of rocking devices, moved by clockwork 
or by an electric motor, to rock the bath 
automatically during development. If such an 
arrangement is employed, care must be taken to 
have a comparatively long period of oscillation. 
Too rapid rocking may produce stationary 
waves which can cause the image to ‘ show 
alternate vignetted bands of greater and less 
development. 

In scientific work where perfect uniformity 
is desirable, the exhaustion products can be 
removed, as fast as they are formed and diffuse 
out, by passing a velvet covered roller over the 
emulsion surface in all directions ( 0 . Bloch, 
1921), or a large brush (W. Clark, 1925) that can 
be made by stretching a piece of chamois 
leather along the edge of a glass plate, or, 
finally, by a to-and-fro motion of scraper blades 
set at an angle of 45*^ to the direction of travel 
with a clearance of 0*5 mm between their 
edges and the emulsion surface. 

When developing plates or films in holders 
in a vertical tank, the agitation can be effected 
by oscillating the holders vertically by hand or 
automatically. Furthermore, the bath can be 
circulated by an external pump or by the rapid 
rotation of an Archimedean screw inside a tube, 
open at both ends and shorter by a few centi- 
metres than the depth of the developer. 

In development on continuous processing 
machines, fixed scraper blades can be situated 
obliquely at a distance of about i mm from the 
surface of the film. The developer solution, 
drawn from the tank by a pump, can be im- 
pinged on the emulsion surface by submerged 
jets situated in staggered formation along the 
film path. In machines in which the loops of 
film are immersed in tubes, the developer can be 
agitated by bubbles of gas. The use of an inert 
gas would be rather expensive, and for this reason 
the use of compressed air has been adopted, 
especially for use with glycin developers. 
In the case of developers that are more readily 
oxidized by air, such as metol-hydroquinone 
positive developers, or metol negative de- 
velopers, too high a rate of oxidation can be 
avoided by increasing somewhat the sulphite 
concentration (J. 1 . Crabtree and C. H, 
Schwingel, 1940). The developing tubes should 
be sufficiently extended to prevent the foam 
that is created by the bubbling from spill- 
ing over. The formation of the foam helps 
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to clarify the bath (C. E. Ives and C. J. Kunz, 
1940 ; C. R. Davies, 1940 ; A. Lovichi, 1944). 

Various types of machine have been devised 
for the development of sensitometric exposures 
(L. A. Jones, M. E. Russell, and H. R. Beacham, 
1936). Such machines would be well suited to 
the development of all photometric negatives. 

437. Exhaustion of the Developer. When a 
developer is used continuously, part is carried 
away by the plates and films that are removed 
from the tank. The volume thus removed 
varies from i to 5 ml per square decimeter (i-i^ 
oz per sq ft) of emulsion surface, the precise 
rate depending upon the degree of swelling of 
the gelatine and on the efficiency of draining or 
squeegeeing. On an average the rate of carry- 
over is 2-25 cc per square decimeter oz per 
sq ft). A rubber roller squeegee, or a compressed 
air knife is used to limit the carry-over on con- 
tinuoas motion-picture processing machines. 

The concentration of active products in the 
remaining developer is decreased, while the 
concentration of bromide is increased. When 
the .sen.sitive materials are wetted before develop- 
ment, the developer is diluted by the water that 
is carried in. Cellulose-acetate film supports 
tend to adsorb a small quantity of the develop- 
ing agents. Finally, the action of the air con- 
verts some of the developing agents to sul- 
phonates both while the bath is being used and 
in the intervals between use. 

When a metol-hydroquinone developer is 
aerially oxidized, 10 times more hydroquinone 
than metol is consumed and the pH of the 
solution is increased. On the other hand, 10 
times more metol than hydroquinone is oxidized 
during development in a developer of low pH, 
with a decrease in the pH (R. M. Evans and 
W. T. Hanson, 1938). In consequence of this, it 
is impossible to assess the degree of exhaustion 
of the developer just by measuring the pH. 

When a large number of exposures are suc- 
cessively developed in a comparatively small 
volume of developer, it has been found that in 
order to maintain a constant gamma value it is 
necessary gradually to increase the time of 
development. The emulsion speed falls gradu- 
ally but more rapidly as the exhaustion pro- 
ceeds, as a result of the sulphite dissolving a 
greater quantity of silver bromide as the time 
of development is prolonged. 

The loss of speed would be considerable, 
and intolerable, if the time of development were 
not increased so as to obtain the same gamma 
value each time. It is less important when the 


chosen gamma is high, and this is one reason 
why a gamma of about i-i (§444) is recom- 
mended for the development of roll-films, other 
than miniature films. This mode of exhausting 
a developer is especially suited to the develop- 
ment of radiographs, where development is 
prolonged sufficiently to obtain almost the 
maximum gamma (yoo)- 

438. Maintaining a Developer at Constant 
Activity. On removing from the tank or machine 
a volume of developer proportional to the total 
area of the sensitive material developed, and 
on topping up the remainder to constant volume 
by the addition of a suitable solution (replenisher 
solution), the composition of the bath rapidly 
tends towards an equilibrium. It would seem 
that, starting from the moment when this 
equilibrium is reached, the developer thus 
maintained might be used indefinitely. In 
fact, the equilibrium is not a true one and 
harmful deviations would be produced in the 
long run. Moreover, various impurities collect 
in the bath (reduced silver sludge, calcium 
sulphite sludge, gelatine and its degradation 
products, dust, coloured oxidation products 
liable to stain the gelatine, etc.). It is the rule, 
in large laboratories, to reject the entire bath 
at the end of each week and to clean and sterilize 
the installation (§410). In a smaller plant the 
period between installing and rejecting a bath 
can be considerably increased if, when the 
bath is not in use, it is covered by a floating lid 
(§ 276) to protect it from aerial oxidation. 

In a vertical tank, the developer is replenished 
at intervals after developing a given area of 
material (e.g. a fixed number of spools), and on 
each addition of replenisher the bath is thor- 
oughly stirred. Since this stirring is liable to 
disturb the sediment at the bottom of the tank, 
it has been recommended that the replenishment 
and stirring should be done at ‘the end of the 
day's work so that the sediment can settle again 
overnight (J. I. Crabtree, 1937). In the case 
of developing machines, the replenishment is 
generally continuous and automatic. The point 
in the system at which the replenisher is added 
is a matter of some importance. In the motioti 
picture industry, the replenisher solution, 
known as the “boost," is generally added into 
a reservoir where it is mixed with the developer 
solution that serves the processing machines, 
in order to ensure that the developer is of the 
same composition in all the machines, and to 
avoid the variations in activity that result from 
large variations in the average density of the 
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ima^ being developed. In some systems where 
negative films are developed to a low gamma in 
slow working developers that are rich in sulphite, 
the replenisher solution is added at the point 
of entiy of the film into the bath so that develop- 
ment is started in an almost fresh solution, thus 
reducing the loss of speed that is produced by 
starting development in the exhausted bath. 

439. In order to maintain the bromide 
concentration in the bath at a constant level, 
it is necessary, in spite of the fact that the 
replenisher solution never contains bromide, 
to add the replenisher at a greater rate than the 
solution is carried over by the film leaving the 
bath. The surplus developer is allowed to over- 
flow, or “bleed,” at a suitable point in the 
system. In order to reduce to a minimum the 
loss of active chemicals, it is obvious that the 
developer should not be used at a concentration 
greater than necessary. 

If the sulphite concentration is sufficiently 
high for its exhaustion to be negligible, the rate 
of consumption of the developing agents is 
not proportional to their initial concentration. 
Thus the proper formula for the replenisher 
might be quite different from that of the fresh 
developer. The optimum replenisher formula 
for a given developer can be found by systema- 
tic tri^-and-error methods, the behaviour of the 
developer being frequently assessed by sensito- 
metric tests (§ 443). However, such a method is 
lengthy, and during the trials some variations 
in the quality of the work can be expected. A 
method of systematic investigation involving 
a calculation of the equilibrium concentrations 
based on the data from some rapid analyses and 
sensitometric control has been described (R. M. 
Evans, 19^). The method is lacking in ‘the 
determination of the alkalinity which, all other 
conoentiations being maint^jped constant, is 
controlled by the ^H value (as measured by a 
glass electrode). In order to minimize the 
variations of activity in a developer until the 
equilibrium conditions are reached, a very 
small quantity of iodide and an antifogging 
^ent should he added to the fresh bath (§ 386) 
in quantities corresponding to those that are 
formed spontaneously in the course of develop- 
ment. 

A devdoper that is replenished in this way 
must be controlled by frequent sensitometik 
tests and, in an industrial laboratory, by rapid 
analyses carried out alternately on the essential 
constituents. Such methods of contrcfl and 
analysis have been described by R. M. Evans 


and W. T. Hanson, 1939; H. L. Baumbach, 
1939 ; S. Bogdanov, 1939 ; R. B. Atkinson and 
V. C. Shaner, 1940, etc. 

A marked increase in the concentration of 
sulphate, which is formed only by aerial oxida- 
tion, indicates an abnormal degree of aeration 
due, probably, to a defective pump. A progres- 
sive increase in activity indicates the excessive 
addition of replenisher solution possibly as the 
result of a leak in some part of the S3rstem. 

The developers, and particularly the positive 
developers, should be rejected as soon as they 
become coloured, lest they stain the gelatine. 
The bubbling of an inert gas through the develo- 
per for about 15 minutes, produces an abundant 
foam and clarifies the developer, the coloured 
oxidation products and colloidal silver being 
carried away in the foam (M. Abribat, 1941). 

It is necessary to mention that the riiles for 
the maintenance of a given developer at constant 
activity fail when the sensitive materials are 
soaked in water before development, the volume 
of developer remaining constant. In such a 
case it is necessary to remove periodically a 
volume of developer proportional to the area of 
the film processed, or to the volume of the pre- 
bath carried over into the developer. The 
replenisher solution should be more con- 
centrated than when the sensitive materials are 
introduced dry into the developer, in order to 
compensate for the dilution of the bath by the 
water carried in. 

440. Electrolytic Maintenance of a Developer 
at Constant Ac^vity. The industrial use of an 
equimolar mixture of sodium anthraquinone 
-2-sulphonate and of anthraquinone (green), 
in a solution buffered at ^H 4 to 5, h^ been 
claimed by J. Rz3mikowski (1938). The mixture 
is formed, and then maintain^ at constant 
activity by the cautious electrolysis of a solution 
of anthraquinonesulphonate. The developer, 
in which is immersed the cathode, is separated 
by a porous partition from the anode compart- 
ment which contains a solution of sodium hy- 
droxide in which the bromide ions accumulate. 
The same method would be applicable to other 
quinones and to indophenols, indaxnines, etc., 
by choosing, as far as possible, an agent such 
that exhaustion would be shown by an appreci- 
able change in colour, thus making it possible to 
regulate automatically the intensity of the 
current by a photoelectric cdl. 

441, Me&od for the Con^ative Testifljg of 
Two Developers. The procedure gene^y 
adopted by photographm to compare two 
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developers consists in exposing two identical or a piece of sensitized paper, place in a printing 
plates or films on the same subject with the frame at such a distance (determined by a 
same time of exposure ; one of these is developed preliminary trial) from a weak source of tf gk t 
in each developer and the images so obtained are that after two seconds’ exposure a normally 
then compared. This method is not very satis- developed emulsion just shows a trace of image 
factory because it is not possible to place side when compared with a portion which has not 
by side the parts of the two negatives which been exposed at all. An opaque card held in 


Exposure 



EH eh eh 

1 Min. I Min. a Min. 2 Min. 4 Min. 4 Min. 


Fig. 28.13. Comparative Effects of Metol (E) and HYDRoguiNONE (H) Developers 

have received the same exposure ; comparison front of the frame allows different times of 
is therefore difficult. e^cposure to be given to the various parts of the 

The test will be found of much more value plat^ At the start the card covers a band about 
if it is carried out on a scale of uniform tones half an inch wide and parallel to the longer side, 
obtained by exposing a plate or film in sue- This band will eventually be used for comparing 
cessive bands to intensity which correspond the amount of chemical fog resulting from the 
respectively to the shadows, half-tones and various conditions of development. After two 
high-lights of average subjects; after cutting seconds* exposure, the card is pushed on about 
tms negative into several identical strips, each half an inch, and this is repeated after peno^ 
comprising a complete scale of tones, strips are of 4, 8, 16, and 32 seconds, counting; fromthe 
deveteped for different times in .each of the two start of the first exposure. When this has b^n 
developers. After fi xfi7 g ^tnA washing, corre- done, cut the plate or film into a certam number 
sponding tones are ^aced side by side for of pieces. Fig. 28*13. shows such pieces after 
comparison. The following method was des- different times of development in a ihetol 
cribed by J, I. Crabtree, X922. developer E and in a hydroquinone developer if, 

Take a plate or fll>" (preferably 7 x 3 in.) and exmints the characters of the two developers. 
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The image ai>pears very quickly in the metol 
developer, whilst in the hydroquinone developer 
it appears very slowly, but the density then 
increases more quickly, so that the two negatives 
are almost identical after a sufficiently long time 
of development. Where many such tests are 
to be made, a negative should be made once 
and for all by the same method, and should be 
developed without being cut up. The darkest 
band should then be covered with black paper, 
and the time of exposure adjusted so as to pro- 
duce, on development, only a faint density under 
the darkest of the bands next to the one covered 
by the mask. 

442. The following method (Dundon, Brown, 
and Capstaff, 1930) is more particularly intended 
for the control of a tank in which the developer 
is replaced daily. For these experiments, small 
pieces of a slow film having a low tendency to 
fog, e.g. motion-picture positive film, should 
be used. The film is exposed always under 
identical conditions, behind a negative carrying 
several steps of uniform density, obtained as 
described above, but developed in a dilute 
bath to a low gamma value. In order to ensure 
that successive exposures are identical, they 
should be made in a printer having an automatic 
timing device and fitted with a lamp reserved 
for this purpose. To lengthen the life of the 
lamp it should be run at 10 to 20 volts below 
its normal rating, the current passing through 
the lamp being controlled by rheostat and an 
ammeter. A sufficient number of test strips 
are exposed at one time to serve the needs of 
about a week, the strips being used between the 
second and eighth day after exposure. During 
the period the change in the latent image is 
n^ligible. 

Two strips are developed, one in the new bath 
and one in the old, both developers being at 
the same temperature. The tests can be carried 
out on samples of the solutions in glass cylinders 
of small capacity. The time of development 
from immersion in the developer to immersion 
in the stop-bath, is maintained constant and is 
chosen so that the least exposed step is barely 
visible on the strip developed in the new bath. 
Any differences between the stepped images 
will be readily apparent. The same degree of 
agitation should ^ given to both strips. When 
the strips are fixed and rinsed, they are com- 
pared side by side agsdnst an opal Uluminator. 
If, each time a new bath is prepared, it is com- 
pared in this way with the old one, any mistake 
m the mixing will be revealed. 


A very simple procedure has been described 
(W. F. Weiland, 1940) that is based on the fact 
that the time of appearance of a heavily exposed 
image on a gelatine-bromide paper, depends 
only on the degree of exhaustion of the developer. 
The relation between the time of appearance of 
the image on the test paper and the time of 
development for a given emulsion can be repre- 
sented by a straight line. 

443. The close control over the activity of 
the developer, which, since 1928, has been 
regarded as indispensable in motion picture 
processing where the tolerances in the gamma 
values are very small (± 0-05), is ensured by 
including a sensitometric strip between every 
five thousand feet of film. 

In normal practice, it is not necessary to draw 
a complete characteristic curve for each strip, 
the gamma value being simply read off on a 
differential densitometer (L. A. Jones and 
M. E. Russell, 1935 ; E. Tausch, 1935) ; various 
other simple methods have been devised in 
order to measure the gamma by visual ins|;)ec- 
tion (F. F. Renwick, 1914; J. Eggert, 1930) or 
by electronic means (H. Brandes and R. 
Schmidt, 1933). From time to time it is neces- 
sary to draw out a complete characteristic 
curve to determine the effective emulsion speed 
to find whether this is decreasing as the result 
of an abnormally high concentration of bromide 
in the bath. 

In cinematography the gamma values are 
chosen so as to ensure the minimum distortion 
in the sound reproduction. Depending upon 
the particular recording system used, the gamma 
values (measured on a diffusing densitometer) 
lie between 0*55 and o*8o for the negative and 
are about 2-o for the print. 

444. In establishments for the processing of 
amateur work, a gamma value of 07-0*8 is 
adopted for miniature films in order to avoid 
excessive graininess on enlargement. To achieve 
this end, it is necessary to give different times 
of development for films of different origin. 
The films are sorted into classes according to 
their rate of development. Stopping develop- 
ment at a low gamma value calls for perfect 
constancy of the reduction potential of the 
developer, and not only constancy in the time 
of development. It is essential, therefore, 
that the control of replenishment should be 
exact. 

For the development of films of the usual size 
it is important that care should be taken to 
avoid a drop in the emulsion speed. Inquiries 
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by the manufacturers of sensitive materials 
have shown that this is not always done. Thus, 
it has been found that in one processing house 
the gamma values obtained on a succession of 
rolls from the same batch varied from 0*65 
to 1-2, and, for the same gamma there was a 
range in emulsion speeds of 4 : i, revealing an 
absence of proper replenishment (R. F. W. 
Selman, 1936). 

Provided that correct replenishment is 
employed, or the time of development is appro- 
priately varied, the variations in emulsion speed, 
as exhaustion proceeds, arc negligible when the 
iilms are developed to y — i-i, but, on the other 
hand, they are considerable when development is 
stopped at y = 07 (J. I. Crabtree, 1937). The 
characteristic curves in Fig. 28.14 and 28.15 
correspond to sensitometric strips developed 
after exhaustion of the number of spools (of 8 
exposures 2J X 3} in.) per litre shown in the 
following table — 



Stall* of 
developer 

1 

Spoils 
per litre 

Fik 28.14 

Fik 28 15 

No. 

I Dev. Time y 

1 (film.) 

Dev. '1 inio y 
(min ) 

1 

Now 

0 

4 I 08 

9 0*66 

2 

Kepieowhed 

bxhausted 

105 

4 I'l-I 

9 0-93 

3 

2 (> 

18 1-I2 

40 0*91 

4 

Exhausted 

2f) 

y O-fif) 

9 0*66 

5 

Replenished 

.05 

2 — 

— 0*66 


445. Interrupting the Course of Development. 

At a time when only large-size negatives were 



Fig. 28,14. The Exhaustion and Replenishment 
OF A Developer 

used, on non-colour sensitive plates which would 
be considered slow to-day and which were 
developed by a bright safelight, it was the rule 
to study the appearance of the image, then its 
powth, and try to modify its characteristics 
in any desired direction. Development was 
started in a dilute bath having a low bromide 


concentration. The time taken for the first 
details to appear and the delay between the 
appearance of the highlights and shadows 
would indicate to the photographer whether the 
exposure had been too great, correct, or insuffi- 
cient, long before the image had attained the 
desired contrast. The plate was then placed in 



Fig. 28.15. The Exhaustion and Replenishment 
OF A Developer 

a dish of water before transferring it to another 
dish containing another developer, better suited 
to its needs. A weakly alkaline, heavily bro- 
mided developer provided an ample regression 
of speed for an over-exposed image ; an average 
developer was used for a normally exposed 
image, whereas a developer of very high reduc- 
tion potential, without bromide and strongly 
alkaline, capable of developing out the weakest 
exposures, was used for an under-exposed plate. 
This method of developing in severed baths was 
studied particularly by A. von Hiibl (1897), 
director of the Austrian Geographical Service, 
who had to ensure the correct development of 
numerous negatives received from field expedi- 
tions whose personnel did not always enjoy a 
photographic competence equal to their skill 
in topographical matters. 

It is sometimes incorrectly stated that 
changes in the composition of a developer can 
make no difference to the shape 'of the charac- 
teristic curve corresponding to a given gamma 
value. Some important variations can be ob- 
tained in the lower region of the curve by virtue 
of the fact that the development of all the 
grains does not set in at the same value of the 
difference between the potentials of the silver 
and of the developer (§ 374), and, as has already 
been mentioned, some changes (dilution of the 
developer, use of tanning developers, etc.), can 
change the shape of the upper region of the 
curve. 

The amateur, to whom the small cost, repre- 
sented by the quantity of developer, was negli- 
gible, and who often worked in a cramped space. 



PHOTOGRAPHY: THEORY AND PRACTICE 


would prefer to modify by appropriate additions 
the developer in use, momentarily transferring 
it to a glass tumbler. 

Frequently the photographer developed his 
own plates. He knew the characteristics of 
his subject and would use from the start a 
developer suited to the range between the 
extreme brightnesses of his subject in order to 
obtain a superficial image of low contrast or a 
deeply developed image of high contrast (§ 391). 
According to the circumstances, he shortened or 
lengthened the development, attempting (with- 
out always succeeding, because visual judgment 
is very uncertain in this matter) to reach an 
optimum density range in the negative, a 
necessary condition for the production of per- 
fect prints on the limited number of types of 
paper at his disposal ; papers which scarcely 
difiered, one from another, in speed or whose 
contrast only varied within close limits. 

While some adroit workers, possessed of much 
leisure, obtained remarkable results in this way 
and found pleasure in thus wrestling with the 
problem, the tyro or occasional photographer 
worked sometimes in the wrong direction as a 
result of frequently confusing the notions of 
density and contrast. 

446. Such methods of working, obviously, 
could not be applied to miniature negatives where 
the details are too small to be studied by safe- 
light and which would no longer be manageable 
after cutting up the film into individual images. 
This applies especially to fast panchromatic 
films developed in almost total darkness. The 
great exposure latitude in modem negative films 
and the great variety of papers that are avail- 
able, can accommodate a wide range of density 
differences and make the individual control of 
each negative often unnecessary. Moreover 
there ^re not many, even among the most 
enthusiastic amateurs, who can spare the time. 

In the motion-picture industry the working 
volume of developer in a laboratory is always 
several thousand litres, a fact which makes it 
impossible to modify the .developer formula. 
It is difficult even to give a different time of 
development for each scene and, moreover, 
there is only one type of positive him available. 
The results obtained under these circumstances 
show that very satisfactory, if not always per- 
fect, negatives can be obUuned without any 
visual control over development. 

It should be noted that the procedures which 
will be described below, usi^ in succession two 
devdopers of more or less diff^ent composition. 


are intended to reduce the consumption of 
developing solutions when developing to a con- 
stant gamma, and are not intended for the 
control of negatives, neither individually, nor 
in groups. 

447. Factors Inffuendu^ the Time of Develop- 
ment. Under any given circumstances (of 
subject, type of emulsion, composition and 
temperature of developer), where the exposure 
has been ample, there is no one optimum de- 
veloping time, but a more or less extended range 
of times. The particular time chosen would 
depend on the contrast grade of the paper that 
is to be used for printing the negative. The 
shorter times yield negatives of lower granularity 
and are to be preferred for negatives intended 
for enlargement and for negatives that need 
retouching. 

When it is desired to bring out the shadow 
details in an under-exposed image, there is, in 
general, an optimum time of development (or, to 
be more precise, an optimum value of gamma) 
beyond which the shadow details become more 
and more lost in the background fog (E. R. 
Bullock, 1926). When the developer has an 
appreciable induction period (developing agent 
of low reduction potential, or a partly exhausted, 
or heavily bromided solution) , this optimum time 
of development often leads to an excessive con- 
trast in the negative (S. 0 . Rawling, 1932) which 
necessitates subsequent treatment. In the case 
of certain emulsions, where the characteristic 
curve has a long, curved toe, and where a high 
gamma value can be reached in a non-bromided, 
high-potential developer, without the appearance 
of appreciable fog, it is possible to compensate 
for much under-exposure in the case of low-con- 
trast subjects (when all the exposures are 
situated on the toe of the curve) by considerably 
prolonging development (F. F. Renwick, I913 ; 
R. Luther, 1923). 

As a result of this characteristic, it is some- 
times possible to obtain better images of fast- 
moving objects on material of average speed 
than on ultra-rapid emubions. The density 
range b not always large enough for the nega- 
tives to be used directly, but they give satbfac- 
tory prints after proportional intensification 

(§540). 

448. The time of development that must be 
given to obtain a desired gamma value depends 
upon — 

I. The type of emubion used. The times 

of development needed to reacha given gamma 

value can vary as muc^ as 8 : i on passing from 
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one negative emulsion to another, and 2 : i 
among successive batches of the same brand. 

The more rapid emulsions, having larger 
grains, develop more slowly than the slow, fine- 
grain emulsions. Film-pack films, protected 
from abrasion by a thin layer of gelatine that 
slows down the diffusion processes, require a 
somewhat longer time of development than 
another film employing the same emulsion but 
without the super-coat. 

2. The composition, the concentration, and 
the temperature of the developer and on the 
agitation. The influence of all these circum- 
stances on the time of development has been 
studied. Except in an industrial establishment 
where the concentration of useful product in 
each of the constituents of the developer can 
be found by analysis, the composition of the 
developer can vary, unknown to the operator, 
each time a new batch of a chemical is used. 

In order to develop to a given gamma 
value, when the developer is always used fresh 
(in some scientific applications) or at constant 
activity, it is necessary to prepare a curve 
showing the gamma value for each time of 
development, the developer being at constant 
temperature. If the temperature cannot be 
maintained constant, the temperature co- 
efficient for the developer and the emulsion 
should be known. When the developer is not 
constantly replenished, it is necessary to draw 
the curve showing the time of development 
as a function of the area of the material 
previously developed in a given volume of 
developer. 

449* Judging the End of Development. The 
term “visiud control of development" implies 
that development can be stopped at the moment 
when the density range reaches the optimum 
for the particular photograph. Unfortunately, 
there is no means of achieving this condition ; 
the estimation of the density range by inspec- 
tion, without photometric measurements that 
are almost impossible during development, 
results in gross errors, except after long practice 
on a particular type of work. The coloured 
light, on the one hand, and the presence in 
the emulsion of the silver bromide, constituting 
a weak positive image complementary to the 
negative image, on 3ie other hand, affect the 
apparent contrast in opposite ways without 
compensating each other. Moreover, it is 
difficult to avoid the mistakes of over-estimating 
the (tosity range on a negative of low average 
density, and ttnaer<-estimatuig the density range 


on a negative of high average density. Some 
professional portrait photographers use a nega- 
tive comparator, an opal illuminator in front 
of which are fixed two negatives, suited, re- 
spectively, for printing on the most soft, and 
most contrasty printing papers used in the 
studio. A space is left between the two negatives 
to take a negative for comparison. The opal is 
illuminated with white light for the examination 
of fixed negatives, and by orange or green light 
for unfixed negatives, in which case the standard 
negatives should be stabilized by iodization 
rather than by fixing. 

Various methods have been recommended to 
beginners to enable them to stop development 
at a time that is neither too early nor too late, 
without, however, there being any foundation 
of facts between the standards of judgment and 
the desired results. 

In particular, it has been suggested that 
development should be stopped when fog appears 
on the parts of the negatives that were protected 
from exposure (by the rebates of the plate- 
holders, or the back frame of the camera), t»r at 
the moment when the dense parts of the image 
can be seen through the back of the plate or 
film. This latter recommendation is useless, 
however, when there is more than one coat of 
emulsion and, also, when the material carries an 
antihalation layer of the type that does not 
disperse in the developer. 

The time of appearance of one or other of 
these two conditions can be influenced by many 
factors not connected with the rate of develop- 
ment of the image, such as accidental light 
fogging when loading or in the early stages of 
development, a poor developer which may also 
be dilute or too warm, an emulsion more or less 
rich in silver bromide. Thus, such recommenda- 
tions are only of a makeshift nature. 

When negatives are examined by transmitted 
light during development, plates should be 
held by their edges and cut films by the comers, 
if they are not in holders. The negative should 
not be held closer to the safelight than is 
necessary, especially if the safelight is warm. 
Prolonged examination should be avoided, 
especially at the conunencement of develop- 
ment of non-desensitized materials. 

450 . When a normally exposed negative has 
been developed to a given gamma value, the 
difference between the extreme densities depends 
mainly on the ratio between the extreme 
Mghtnesses of the subject^ and the maximum 
density upon the 4^/cee of exposure. In order 
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to ke^ the density range constant, the time of 
devdopment should be varied inversely as the 
ratio of the extreme brightnesses of the subject. 
Otherwise, the most regular results are obtained 
by developing to a constant gamma value. If the 
gamma vdue is chosen so as to allow negatives, 
normally exposed on subjects of a brightness 
range of 30 : i, to be printed on normal grade 
paper {this would be y = i i for constant 
printing), then negatives of very contrasty sub- 
jects can be printed on soft paper, and negatives 
of low-contrast subjects can be printed on con- 
trasty paper. Thus, in summer, a greater pro- 
portion of soft paper would be used than in 
winter. The deviations involved in visually 
judging the end of development would be greater 
than those found in working to a constant 
gamma. 

It should be recalled that it is possible to 
develop non-colour-sensitized emulsions to an 
almost constant gamma value by using a time 
of development that is a suitable multiple of the 
time of api)earance of the image (§ 381). 

Some manufacturers of sensitized materials 
indicate, for their products, the times of develop- 
ment which will give suitable gamma values 
(O’S-i'OO-i'ZS) when the recommended develo- 
pers are used at the stated temperatures. Other 
manufacturers publish, for some recommended 
developers, the curves showing the gamma 
values as a function of the time of development at 
an average temperature, and the graphs indi- 
cating the equivalent times of development at 
various temperatures. It would be a good 
thing if the provision of such information were 
more general. However, it should be added 
that such publications imply a constancy of the 
properties of the materials that is not always 
found in the various batches of a particular 
brand. In fact, the variations are sometimes 
such that on developing a large number of 
batches of the same brand to obtain an average 
value of i-o, the values obtained range from 
07 to 1-3. 

451. Rinsing after DeFebpment ; Stop-baths ; 
Provisional Fixbig. The developed negative 
should be rapidly transferred into a tank or a 
dish of water, or placed under a jet of water, of 
moderate pressure, in order to remove the sur- 
plus devdoper and, as much as possible, the 
developer that is in the emulsion and the 
gelatine backing layer. In this way one avoids 
canying into the fixing bath an appreciable 
quantity of developer which, on accumulating, 
can cause spots, dichroic fog, or the precipitation 


of the alum often employed in fixers in order 
to harden the gelatine. The hardening pro- 
perty of the fixer reduces the amount of water 
absorbed in washing and thus increases the rate 
of drying. 

Since development can continue while the 
negative is being rinsed in water, often causing 
local irregularities, it is preferable to use as a 
stop-bath a very’ dilute solution of an acid, or of 
an acid hardening agent, that stops development 
rapidly by neutralizing the alkali. The stop- 
bath can 1^ acidified by adding 2 per cent sodium 
bisulphite, 2 per cent boric acid, or 2 per cent 
acetic acid. The stop-bath should be checked 
from time to time with litmus paper to ensure 
that it is still acid. 

452. The use of a chrome-alum hardening 
stop-bath has the advantage that the hardening 
obtained is more complete than can be obtained 
by adding potash alum to the fixing bath. The 
fixer is then more stable and the recovery of 
silver is made easier. 

Chrome-alum, or potassium chromium sul- 
phate, K2S04,Cr 2(504)3, 24H2O, molecular weight 
= 999, appears usually as large, deep- 
violet crystals of good purity. The solutions 
prepared in the cold are grey-violet in colour 
and become green on warming to 6o®C, under 
which conditions the hardening, or tanning 
properties are diminished, while the acidity is 
increased. The salt is quite soluble in water 
(20 per cent at I5°C). The hardening properties 
of the solution are rapidly impaired on adding 
sulphite or bisulphite, or organic acids such as 
citric, tartaric, and oxalic acids. It is not affected 
by acetic acid. 

The best results are obtained in a 3 per cent 
solution of chrome alum at pU = 3*2. The 
developer carried over into the stop-bath by the 
developed plates, etc., rapidly diminishes the 
efficiency of the stop-bath and this is shown by 
a change of tint from violet to yellow-green. 
To prevent this change the bath should be 
periodically re-acidified by small additions of 
dilute sulphuric acid. The acidity of the stop- 
bath is best controlled with the acid of brom- 
phenol blue indicator. 

To carry out the test 0*4 g of the bromphenol 
blue dye is dissolved in 75 ml of a 0*05 per cent 
solution of sodium hydroxide and the solution 
is made up to one litre with distilled water. 
About 2 ml of the stop-bath are diluted by 
adding 5 ml of distilled water and six drops of 
the indicator solution. By daylight the result- 
ing colour should be reddish-ydlow. 
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After the negatives are immersed in the stop- 
bath they should be agitated for not less than 
45 seconds to avoid the appearance of blisters, or 
spots, or the formation of chromium hydroxide 
in the emulsion layer. The negatives should 
remain in the stop-bath for about 3 minutes. 

When a hardening stop-bath is used, it is 
essential, after the final washing, to dry care- 
fully the gelatine surfaces to which traces of 
chromium hydroxide will finally be found to 
adhere. 

The use of a hardening stop-bath is particu- 
larly to be recommended when the temperature 
of the processing solutions is in excess of 25X. 
Wlien working at 3o"C, after developing in a 
bath loaded with sodium sulphate (§435), a 
stop-bath of 3 per cent chrome-alum loaded 
with 10 to 15 per cent of sodium sulphate should 
be used. 

When the volume of work is large, the 
re-acidifications of the stop-bath can, after 
preliminary trials, be based on the area of the 
gelatine surfaces that have passed through the 
bath. 

453. When working under difficult field 
conditions where washing after fixing would be 
difficult, proper fixing can be postponed, and 
provisional fixing employed. This consists of an 
acid stop-bath followed by a brief rinse. A 
weak acid such as boric (5 per cent solution) is to 
be preferred, because a strong, non-volatile acid 
will, on keeping, break down the gelatine if 
it has not been removed. Drying should be 
carried out away from a bright light. 

To enable the negative to be examined in 
white light as rapidly as possible after develop- 
ment, it can .be iodized by bathing for 2 minutes in 
the following bath (J. G. Capstaff , M. L. Dundon, 
and G. H. Brown, 1930). 


Potassium iodide , 20 g 

Cilacial acetic acid 20 ml 

Potassium alum . . 40 g 

Sodium sulphite, anhydrous . 1 g 

Water to make . . . i litre 


After iodizing, the negative should be rinsed in 
several changes of water, the last containing a 
little ammonium hydroxide. If it is desired, 
ultimately, to fix an iodized negative, a new 
fixing bath or a special fixer (§ 502), should be 
used, because the silver iodide is less readily 
soluble than the bromide. 

454. Critical Examination of Finished Nega- 
tives. Although negatives cannot be usefidly 
examined until after they are fixed, and prefer- 
ably after they are wash^ and dried, it does not 


seem proper to postpone to a later chapter a 
matter which is so intimately connected with 
the question of development. 

The examination of a negative that does not 
carry high densities is best made by placing the 
negative, emulsion side down, on a mat white 
surface and viewing it by reflected light. A 
very dense negative is more easily inspected by 
transmission against an illuminated opal glass, 
or, failing an opal, a ground-glass, or a sheet of 
tracing-paper. 

In an industrial or scientific establishment, a 
negative viewer should be used of the type 
usually used for radiographs which can hold 
wet or dry films, by means of clips, against a 
vertical opal glass that forms the front face of a 
lantern. 

Mention may be made here of a photo- 
electric apparatus that shows an enlarged positive 
image of a negative on a phosphorescent screen 
(F Biedermann, 1937). This arrangement is 
chiefly designed for dealers to interest their 
customers in purchasing enlarged prints of their 
negatives. 

455. Before making final judgment, account 
should be taken of the fact that details, particu- 
larly in the shadows, that are not clear on the 
negative may appear in prints made on very 
contrasty paper (L. A. Jones, 1939). Such r. 
negative is thus very acceptable if the difference 
between the extreme densities does not exceed 
the value that can be tolerated when printing 
on papers of this sort. This does not apply, of 
course, to negatives that are to be studied with- 
out printing or on which it is intended to make 
measurements (in radiography, photogrammetiy, 
spectrography, etc.), but, if the shadow detafls 
would appear in a print, they could be made 
visible on the negative by strong intensification. 

A relatively high density of th^ image of the 
shadows (0-5 for example) should not be con- 
fused with fog. The fog density will be shown 
on the parts of the negative that were protected 
from the action of light in the camera. 

A negative is not under-exposed provided that 
the density in the image of the darkest shadow, 
in which it is desired to discern details, is very 
slightly greater than the fog density. 

A negative that is well or over-exposed often 
shows a weak positive image when examined 
by reflection on the support side, the light falling 
obliquely on the negative which is held befOTe a 
dark background. Under the same conditions, 
a less exposed, or under-exposed negative some- 
times shows a positive image when the emulsion 
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side is examined. A normally exposed negative 
can thus show a positive image on inspecting 
both sides. These characteristics are not invari- 
able, however. 

A negative is not over-exposed provided that 
when properly printed the image of the high- 
lights is sufficiently detailed. \^en the range 
between the extreme brightnesses of the original 
subject is very extended, the negative may be 
under-exposed with regard to the image of the 
shadows and over-exposed with regard to the 
image of the highlights. A better result would 
probably be obtained on a negative material 
able to record a wider brightness range. 

If the negative shows details in the shadows 
and in the highlights, but, as a result of being 
developed to too high a gamma, the range 
between the extreme densities is too great to 
allow printing on the softest paper, and if the 
negative is sufficiently valuable to justify the 
trouble, it can be reduced (§562), or it can 
be dealt with by the procedure that allows the 
compression of the middle tones (§ 648), though 
these operations are rather delicate. 

A systematic under-exposure may be the 
result of over-estimating the speed of the films 
or plates, or of the exposure meter being out of 
order or used under the wrong conditions, or 
it may result from the scale of the diaphragm 
apertures being in error. A systematic over- 
exposure may be due, among other causes, to 
an error in the calibration of the shutter. 

456. Photographic beginners, and some experi- 
ence workm, easily confuse the notions of 
density and contrast. Just as it is possible to 
meet a very steep path at a low altitude and a 
gentle incline on a high mountain, a negative 
can be at one and the same time very clear 
(very low density in the shadows) and very 
vigorous (great density range), or very dense 
^(^atively high density in the shadows) and very 
flat (small denaty range). Thus, there is no cor- 
relation between the average density of a nega- 
tive and the range between the extreme densities. 

It is essenti^ to take account of the fact 
(except when considering granularity) that the 
dbaracteristics of the image depend only on the 
range between the extreme densities, the density 
ui & shadow details affecting only the time of 
exposnze when printing. If two. similar nega- 
tives, made on sunilar materials, similarly 
developed, have hemi exposed imder conditions 
aadi wi oonesf^ding densities differ by one 
unit (all the c^widties of one negative being ten 
tunes those cu the other), the contact prints 


obtained on the same paper, using times of 
exposure in the ratio 10 : i, would be identical. 

The photographic vocabulary is somewhat 
confusing in regard to negative characteristics, 
the same term being sometimes used with 
very different meanings. In the following pages 
the arbitrary terms shown in the following table 
will be used. But a negative can only be use- 
fully defined by stating the gamma to which 
it lias been developed and the range between 
the extreme densities. 


ClauuRc^ltioii of n«^ative>t 


According to the densty 
of the shadows 


' Artxirdtng to the 
range between the 
I extreme densities 


According to the 
gaiuiiM value 


Very low -dear 


(jfeat— dense 


lane — flat 

Medium —medium 
contrast 

Great -vigoraiK 


y < I (oontr.i8t low) 
soft 

>’ ^ I tioniial con- 
trast 

V *• 1 (contrast high) 
hard 


457. The rock on which the beginner usually 
comes to grief is his ignorance of the characters 
that a negative should possess in order to yield 
good prints by the usual printing processes. The 
rational apprenticeship of the photographer 
should, in our opinion, begin by printing from 
negatives of suitable qi^ty. For instance, 
two negatives may be used, one suitable for 
print-out paper or rapid bromide paper of weak 
contrast, and the other for a paper of very great 
contrasts, which negatives must, of course, be 
supplied with advice ee to their correct use. 
Having acquired exptfisnee in printing, the 
beginner wiU be in position to judge what 
results to expect fremr his negatives, whereas 
for lack of a guide, it is usually impossible for 
him to distinguish between faults in the negative 
and errors in printing. 


Working Procedure 

458. Prelimmaries. Before beginning the 
development of a negative it is necessary to see 
that all solutions and equipment are at hand. 
The tanks or dishes shodd be so arranged that 
the negative being developed may be transferred 
from one to another in proj^r sequence. Thev 
should be filled with the various baths required, 
taking care that the temperature of these solu- 
tions is about the same as that of the darkroom, 
which should vdienever possible be between 
65'’F and The d^es containing the 

fi^g bath should be placed so that no splashes 
can reach the developer. 



THE DEVELOPMENT OF THE NEGATIVE IMAGE 


285 


When the various baths, and particularly the 
developer^ are prepared at the time of use by 
mixture or dilution of stock solutions, the water 
used for dilution should have been kept for a 
while in the darkroom in order to acquire its 
temperature. In all cases be careful not to 
dilute with water straight from the tap. The 
tap water is usually colder than the develop- 
ing solution, and it also contains air which 
separates in bubbles when the mixture becomes 
warm ; these bubbles may adhere to the gelatine 
of the negatives, preventing the developer from 
acting at these points. 

To ensure the perfect uniformity of a mixture 
it is necessary to stir vigorously. On no account 
should the various liquids to be mixed be poured 
separately into a shallow dish, where it is very 
difficult to obtain a uniform solution even after 
prolonged agitation. It is still more important, 
to avoid a direct addition to the bath during 
development of negatives. WTien developing in 
a dish, the developers must be poured back into 
the graduate, and any required additions then 
made. When developing in a tank, the negatives 
must hi) removed, and the developer stirred 
energetically after adding the new solutions. 

It is essential that every care be taken to 
ensure uniformity of treatment during the 
various manipulations. For this, the emulsion 
must be wetted almost simultaneously at all 
points by a perfectly uniform developer, and the 
plates or films must then be moved several times. 

It is specially essential that the solutions used 
should be periectly clear, as any suspended 
matter produces a spot where it settles on the 
emulsion. All stock solutions and baths pre- 
viously in use should therefore be poured off 
from any sediment. 

With prolonged use, a sludge of reduced 
silver and calcium sulphite forms in a tank of 
developer and, overnight, this settles on the 
bottom of the tank. However, the sludge is 
stirred up when the bath is next used and there 
is a danger of it adhering to the emulsion surfaces. 
Such a deposit can be easily removed before 
recommencing work, and without agitating the 
bulk of the liquid, by use of the following device 
(C* E. Ives, A. J. Miller, and J. I. Crabtree, 1931). 
A steel tube, a^ut 3 mm (} in.) internal diameter 
and somewhat longer than the depth of the tank, 
terminates in a long narrow nozzle, similar to 
that used on vacuum cleaners. The steel tube 
is connected by thick*walled rubber tubing to 
one of two tubes passing through the stopper 
of a thick-walled glass bottle or dtrajohn capable 


of holding about 1/30 of the contents of the tank. 
The other tube in the stopper is connected by 
another length of the rubber pressure tubing 
to a filter pump. By passing the nozzle gently 
over the bottom of the tank the lower layers of 
developer containing the sediment are drawn off 
into the bottle. After the sediment has settled 
in the bottle the developer is decanted and the 
sediment is added to the other silver residues 
for recovery of the silver metal. 

The surface of a used bath is often contamin- 
ated by a film of scum which will adhere to the 
emulsion as it is lowered into the solution, and 
will cause local undeveloped. patches. This scum 
will not adhere if the surface is previously 
wetted, but it is better to skim the surface of 
the developer with a piece of filter paper, or 
butter muslin on a frame, immersed obliquely 
to a depth of half an inch. This operation 
should precede the dredging of sediment. 

Intense fog has been noticed on non-colour- 
sensitive materials which had been developed, 
by the light of an appropriate safelight, in a 
developer that had b^n previously used for 
developing colour-sensitized materials ( 0 . Bloch, 

1915)- 

459. Wetting Plates and Filins before Develc^ 
ment. In quantity work the adherence of air- 
bubbles to the gelatine is sometimes avoided 
by wetting in water containing a little alcohol 
(industrial spirit). Nowadays it is more usual 
to use very (filute solutions of the wetting agents 
used in textile manufacture : saponine, sulphori- 
cinates, and sulphonated fatty alcohols |Ocenol, 
Lorol, Igepon, Teepol, etc.). These substances 
can also be added to the developer {§ 417) or to 
the desensitizing bath (§ 365). 

Preliminary wetting accelerates development 
in a concentrated developer and slows it in a 
dilute one. With some developers it is possible 
to ascertain by methodical tests the strength 
required in order that thfe duration of develop- 
ment should not be affected by the preliminary 
wetting. Any tanning of the gelatine reduces 
the speed of development only very slightly. 

In every instance where the emu&on has 
been wett^ before development it is necessary 
to rock the developing dish energetically for a 
few moments or to move the plate-holders or 
film-hangers in the solution so as to ensure the 
uniform replacement of the water or solution 
impregnating the gdatine by the developer. 

460. Hantening the Eniulston before 1 ^^ 
ment in Wenh Sohitiof^. Under tropical, or 
other warm ccmditbns, the hardening of the 
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gelatine can be deferred until after the develop- 
ment by making suitable additions to the develo- 
per (§ 417) but this method of working is only 
applicable at solution temperatures up to 35°C 
(95®F), and even at 30°C (86®F) there is some 
degree of risk. 

The usual developers can be used up to 40X 
(io 4®F) if the negative is hardened in a pre-bath 
according to the technique described below (H. 
A. Miller, J. I. Crabtree, and H. D. Russell, 1944). 

Various attempts had previously been made 
to harden the gdatine in formalin (§ 519), but 
the formalin retained in the emulsion often 
caused the appearance of an intense fog on the 
developed images. All risk of fog is avoided by 
the addition of an antifogging agent to the 
hardening bath (§ 386). 

The bath is prepared immediately before 
use by mixing the two stock solutions. At tem- 
peratures above 35°C (95®F) the quantity of 
antifogging agent is increased up to double, if 
necessary. The bath will keep for about three 
weeks at a temperature of 35°C. The negatives 
are immersed for an average time of 10 minutes, 
after which they are drained and rinsed and 
then placed in the developer. About five square 
feet (50 square decimeters) of film can be treated 
per litre of bath. In an industrial establishment, 
the bath can be maintained at constant activity 
by adding a replenisher solution to top up the 
bath to a constant level. In this way 30 to 40 
square feet (300 to 400 square decimetres) of 
film can be treated per litre of the initial bath. 

Normal bath KepUnttker 
(A) Water . . to make i litre i litre 

d^tltrobenziinidazole nitrate (o-j per 
cent loluUon) 40 ml 55 ml 

Sodium sulphate, anb]nlrotts • 50 g 30 g 

Sodium carbonate, anbydious ro g 33 g 

Focmalin (oommerdal strength) 5 ml 8’S ml 

Pour B into A, while ilirring. Final pH 101. 

461. Air Bubbles. A small amount of air 
is sometimes drawn into the solution when the 
mat surface of the emulsion is plunged into 
the bath, and this air tends to form adherent, 
hemispherical air-bubbles, or air-bells. The 
hemispherical bubbles tend to become spherical, 
reducing the area in contact with the emulsion. 
Thus, when air-bells are formed in the developer, 
the non-developed zone is surrounded by a 
degraded border. The bubble tends to lengthen 
in a vertical direction, the tendency being greater 
the larger the bubble. In a developer that tends 
to give aerial fog (§ 3S7), the circumference of the 
non-developed zone is often more dense, and 
there is often a descending, denser streamer 


below the bubble (J. I. Crabtree and C. E. Ives, 
1926). 

If a gelatine layer is immersed in water or 
in an aqueous solution and is removed before 
it is completely swollen, a large number of 
air-bells tend to adhere on reintroducing the 
partly swollen gelatine into the liquid. 

462. Immersion in the Devdoping Bath. 
When developing a plate in a dish, hold it by 
its edges, emulsion upwards. Large plates must 
be supported on the four spread fingers of the 
right hand and held by the thumb placed on the 
extreme edge. For very large plates the help 
of an assistant is almost indispensable. The 
dish is tilted to collect all the developer along 
one side. An edge of the plate is then rested 
on the edge of the dish opposite to the one 
where the developer is lying. The dish is 
then let down into the horizontal position, and, 
at the same time, the plate is lowered to the 
bottom of the dish. The plate is thus swept 
almost instantaneously by the liquid. The dish 
is gently rocked, and care is taken to see that 
the plate is uniformly wetted. Unless the 
worker is skilled, it is best to avoid developing 
seveial plates together in one dish, as there is a 
risk of damage from one plate sliding over 
another. However, it is possible to obtain dishes 
with low dividing ridges on the bottom for the 
simultaneous development of several stereoscopic 
plates, and separators of moulded material 
permitting several plates of small size to be 
developed together in an ordinary dish. 

About 100 ml of developer is required in a dish 
of half-plate (6( x 4} in.) size, and propor- 
tionate quantities in ^shes of other sizes. It 
may be well for a beginner to increase these 
amounts by one-third in order to avoid any 
irregularity in the wetting of the emulsion by 
the developer. 

When developing cut films in a dish it is best 
to choose a dish sufficiently large to accommo- 
date two films side by side, and to have plenty 
of developer in order that the films be well 
covered in spite of their tendency to curl. 
The film is slid into the developer, emulsion 
upwards, and, while held by two adjoining 
comers, is drawn to the half of the dish farthest 
from the operator. As soon as this film is well 
wetted with developer several other films may 
be introduced in succession, each being drawn 
to the back of the dish, leaving the front half 
free, until the last film of the batch has been 
intr^uced. The films become very soft, and 
must be handled with care. They are taken 
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one by one and transferred in reverse order to 
the front half of the dish, and this transfer from 
one pile to the other is continued until develop- 
ment is completed. 

When single frames or hangers are used with 
plates or films developed in a tank, care must 
be taken to see that air-bubbles are* not im- 
prisoned in the frame, as such bubbles, when 
rising, may adhere to the emulsion. To do this, 
the frames are immersed one comer first, 
obliquely, and they are gently moved up and 
down immediately after immersion. The plates 
or films are introduced with the emulsion facing 
the operator, and are put in at the back of the 
tank and then brought to the front so as to 
leave the back free for the others. By proceed- 
ing in this way there is no danger of scratching 
the emulsion of one negative by the frame 
containing the next. 

After inserting the last frame, the frames are 
separated as far as possible and moved up and 
down singly from time to time in order to bring 
fresh solution in contact with the emulsion. In 
doing this, each frame must be drawn away 
from the one behind it so as to avoid scratching 
the gelatine of the latter. 

If the frames are much narrower than the 
tank they all must be pushed up against one 
side to avoid retarded development of such parts 
of the emulsion of a plate or film as would come 
too close to the vertical side of another frame. 
Unless the frames are very widely separated 
from each other it is necessary to avoid develop- 
ing together negatives of different sizes. 

When development is done in vertical, 
grooved troughs, the developer should be 
emptied from time to time into a jug, from which 
it is at once poured back into the tank. Instead, 
the tank, if fitted with a watertight lid, may be 
reversed every two minutes. 

Owing to the variety of the tanks intended 
for the development of roll-film, the only 
reference which can be made is that the instruc- 
tions issued with them should be followed. . 

Developer Formulae 

463. Developers for Negative Materials of 
Large and Medium Sixes. The few formulae 
collected below correspond to developers that 
will yield high gamma values, suitable for the 
development of negatives that are not intended 
for enlarging more than five diameters and when 
great attention need not be paid to the question 
of graininess. 

First will be given the developers more 


particularly intended for use in dishes (although 
many of them can be used in tanks for the 
development of a limited number of negatives). 
Then the formulae for large-scale development 
in deep tanks, with replenishment, will be given. 

The times of development quoted are only 
approximate, but will probably yield a satis- 
factory negative. 

Fine-grain developers, successive-bath develo- 
pers, tropical developers, ultra-rapid developers, 
and developer-fixers are dealt with later. 

464. P3rrogallol Developer. This developer 
(British Journal Almanac formula) by C. W. 
Piper, is one of the best known using p5n*ogallol. 
The stock solutions are stable and the images 
are not stained. 


(A) Sodium sulphite, anhydrous 
Potassium metabisulphite 
PyrogaJlol 

Water to make 

(B) Sodium carbonate, anhydrous 
Water to make 


75 g 
18 g 
18 g 
I litre 

55 g 
I litre 


For soft negatives, i volume of A and i 
volume of B should be mixed with 2 volumes of 
water immediately before use. Develop for 
4 minutes at 18 °C (65°F) . F or vigorous negatives, 
use I volume A, 1 volume B, and i volume of 
water. Develop 5 to 6 minutes at i8°C (65®F). 

465. Metol Developers. When making up 
developers containing metol, a pinch of sulphite 
should be dissolved first. After dissolving the 
metol, add about half the quantity of sulphite 
and add the remainder of the sulphite after the 
alkali has been added. The poor solubility of 
metol base, liberated by the sulphite, lends to 
cause its precipitation and it is difficult to 
redissolve. In metol-hydroquinone developers, 
there is a danger, under sii^ar conditions, of 
precipitating metoquinone. The precipitation 
becomes more likely, until the alkali has been 
added, as the concentration of sulphite is 
increased. 

The following develojier (Reinders and Beu- 
kers, 1931) is only slightly susceptible to small 
variations in pYi, Its usual pH value is 9*0. 

Metol . • 9 g 

Sodium sulphite, anhydrous . 20 g 
Borax • 20 g 

Sodium carbonate, anhydrous 5*5 g 

Potassium bromide • 0‘5 g 

Water to make .1 liln 

The following developer was used in the 
photographic sections of the French Air Force. 

Metol • 7'5 g 

Sodium sulphite, anhydrous . 37*5 g 
Sodium carbonate^ anhydrous 17*5 g 
Water to make . , z Utre 
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466. lietol-liydroquiiUHM Developers. Tlie 
fc^owing developer, recommended for amateurs 
^ by the ^French Photographic Manufacturers’ 
' Association, can be us€^ for negatives, black- 
and-white transparencies, and bromide and 
chloride papers. It is the average of a number of 
only slightly varying formulae that were pre- 
viously recommended for the various purposes. 


Metol 

2 g 

Sodium sulphite, anhydrous 

35 R 

Hydroquinone 

5 g 

Sodium carbonate, anhydrous 

25 g 

Potassium bromide 

I R 

Water to make 

I litre 


The following formula (J. I. Crabtre<\ ig2i) 
is recommended for the development of badly 
under-exposed negatives. The dcvelojjer, p\\ 
value 10*3, which is used without dilution has 
only a very limited keeping life (a few days in a 
well-stoppered bottle). The normal time of 
development is about 8 minutes at (65 ‘'F). 


Metol 1 5 g 

Sodium sulphite, anhydrous 50 g 

Hydroquinone j 5 g 

Sodium hydroxide 8 g 

Potassium bromide 8 g 

Alcohol (industrial spint) 30 ml 

Warm water to make . 1 litre 


467. Panuninopheno] Developers. The follow- 
ing developer (S. E. Sheppard and A. P. H. 
Trivelli, 1928) was recommended by the 
International Congress of Photography as the 
standard sensiUmetric developer, and for use in 
photometric photography (in which case 0-04 g 
of 6-nitrobenzimid^le nitrate should be added 
per litre). This developer is very easily made, 
and gives consistent solutions. Its pH, which 
is very stable, has an average value of 1015. 


Sodium sulphite, anhydrous • 50 g 

Paraminophenol hydrochloride . . 7 3 g 

Sodium carbonate, anhydrous, pure . 50 g 
Water to make . ... i litre 


The time of development is usually between 
8 and 15 minutes at 18X (bs^'F). 

Very concentrated solutions that yield develo- 
pers on diluting 20 times (i.e. i part stock 
solution with 19 parts of water) are commer- 
cially available under various trade names, 
Rodinal, A20I, Kodinol, etc. One such develo- 
per can be prepared in the following manner 
(J. Desalme, 1913). Dissolve 75 g of paramino- 
phenol hydrochloride in 600 to 700 ml of warm 
water. Filter if necessaiy. Add 10 g of 


anhydrous sodium sulphite and 35 g of anhy- 
drous sodium carbonate, previously dissolved 
in 200 ml of warm water. The free base is 
precipitated and, after cooling, it is filtered off 
on fine cloth. The paste of the precipitated free 
base, which should be drained until it occupies 
no more than 300 ml, is added to 100 ml of a 
4(K)g per litre solution of sodium hydroxide. 
It should be added gradually until the precipi- 
tate just redissolves, avoiding an excess. Make 
up to 500 ml by adding water. Filter and store 
in small bottles, closed with rubber stoppers. 

468. Glycin Developer. The following devTlo- 
per (Glyconiol, H. Bour^, 1922) is given at 
working strength for use in a dish. A stock 
solution of five times the strength may be made 
for use at a dilution of one part with four parts 
of water. The time of development is 8 to 10 
minutes at 16X (61 °F). At a greater dilution 
it is suitable for use in tanks with a develop- 
ing time of 20 to 30 minutes. 


Sudium sulphite, anhydrous 13 g 

Potassium carbonate • K 

Sodium carbonate, anhydrous . 20 g 

Glycin ...log 

Sodium bisulphite ... 2 g 

Water to make .... 1 litrt 


469. Amidol Developers. The following develo- 
per which is well suited to somewhat under- 
exposed negatives, has the advantage of being 
simple to prepare immediately before use. As it 
does not keep, it should be used at once. The 
time of development is about 4 minutes at 18X 
(b5°F). 

Sodium sulphite, anhydrou.s -38 

Amidol • 0'5 g 

Water to make . .100 ml 

This developer is useful when travelling. 
Quantities of sulphite can be put up in small 
packets or tubes before starting, and a salt- 
spoon filled level with amidol is a sufficiently 
close approximation to 0*5 g. 

For over-exposed negatives, a depth developer 
(§ 390) can be used, with a time of development 
from 2 to 12 hours. The developer is slower 
when the neutral sulphite concentration is 
smaller — 


Amidol . 10 g 

Sodium bisulphite • I5K 

Sodium sulphite, anhydrous 6 to 8 g 

Water to make . . . . x Utre 


470. Paraphenylenediatniiie Dmloper. This 
developer (J. Desalme, 1911) keeps very well, 
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but if it is to be kept for long periods the sodium 
hydroxide should not be added until the 
developer is required for use. 

Paraphenylenediamine (free base) . lo r — 
Paraphcnylenediarainc (hydrochloride) — 17 g 

Sodium bisulphite . 12*5 g 12*5 g 

Sodium hydroxide 20 g 24 g 

Potassium bromide 3 g 3 g 

Water to make .... i litre i litre 


471. High-contrast Developers for Reproduc- 
tion Work. The following developer is prepared 
at the moment of use by mixing equal volumes 
of the stock solutions. The developer (/)H = 
12*5) develops to maximum contrast in about 
3 minutes. It darkens very quickly and should 
be used once only. 


(A) 

Sodium bisulphite 

23 K 


Hydroquinone 

25 R 


Potassium bromide 

25 g 


Water to make 

I litre 

(B) 

Sodium hydroxide 

• 40 K 


W'ater to make 

I litre 


This developer is very caustic and tends to 
break down the gelatine when the temperature 
exceeds 20X (68°F). The following developer, 
which keeps better, is often used instead and 
it may be used in a tank for the development 
of a large number of negatives. The time of 
development in the fresh bath is about 5 minutes 
at 18%: (65T). 


Metol .... 

1 K 

Sodium sulphite, anhydrous . 

75 R 

Hydroquinone 

9g 

Sodium carbonate, anhydrous 

25 R 

Potassium bromide 

5g 

Water to make 

1 litre 


A developer giving infectious development 
(§39^) is sometimes used for line, and coarse 
half-tone dot images. In this developer (Kodak 
D85), most of the sulphite combines with the 
formalin resulting from the depolymerization 
of the trioxymethylene, and the effective sul- 
phite concentration is maintained at a low level 


Sodium sulphite, anhydrous 
Trioxymethylene 
Hydnxjuinone 
Potassium metabisulphite 
Boric acid . 

Potassium bromide 
Water to make . 


300 g 
7’5g 

22-5 g 

2-5 g 
7*5 g 
1-5 g 
I litre 


47a. RoU-fOm Bmloper. The Mowing 
devdoper (Ilford Laboratories, 1935) is suitable 
for the development of roll-ffto of .average 
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size in tanks or on continuous machines. The 
bath is maintained at constant volume by adding 
the replenisher solution. 

Developer Replenisher 

Metol .... 6 g 15 g 

Sodium sulphite, anhydrous 100 g 200 g 

Sodium bisulphite . 25 g 25 g 

Hydroquinone 30 g 15 g 

Sodium carbonate, anhydrous 90 g xSog 

Potassium bromide 3 g — 

Water to make 10 litres 10 litres 

473. Fine-grain Developers. Many poorly 

qualified experimenters have published observa- 
tions on fine-grain development that are very 
erroneous and often contra^ctory. The compari- 
sons of the granularity of negatives developed 
in different developers have no significance 
unless they refer to equal densities on negatives 
that were exposed under identical conditions 
and then developed to the same gamma value. 
It has already been mentioned (§ 211) that, in 
fact, the granularity of a negative varies from 
one part to another as a function of the density, 
and from one negative to another (similarly 
exposed on the same material) as a function of 
the gamma value. These variations can be 
easily explained by the fact that the develop- 
ment of different grains sets in after a delay 
that depends, among other factors, on the degree 
of exposure, and that the developipent is not 
complete at the instant that it is stopped. The 
necessity of comparing negatives exposed under 
identical conditions (without the danger of 
errors caused by capricious shutters) results from 
the fact that, on the one hand, all devel(^rs do 
not give the same emulsion speed at equal gamma 
values, and, on the other, that the speed is 
generally greater when development is carried 
to a higher gamma value. If development is 
curtailed to reduce the granularity, it is necessary 
to increase the exposure, and it is obviously 
desirable to know what sacrifice in speed must 
be made. * 

474, The fine-grain developers are, in fact, 
those slow developers in which the development 
can be stopped at a gamma value between 
0*6 and 0*8, thus making only partial use of the 
speed of the emulsion. Since the diminished 
granularity results from the fact that only a 
fraction of each grain is reduced, it is necessary 
to increase the exposuie so as to affect a larger 
number of grains (W. Reindeis and M. C. F. 
Beukers, 1938). The best fine-grain develQper 
is that whi^f for the same low i^e of gamma, 
occasions ithe least increase in exposure. Obvi^ 
ou^y, to avmd as mudli as possible the los^ in 
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speed, the addition of soluble bromide must be 
avoided, an addition which, moreover, is point- 
less because of the low activity of these develo- 
pers (G. Schwarz, 1935). The best known fine- 
grain developers require double the exposure 
that would be needed in the case of the majority 
of developers for large and average-sized 
negatives. Some of the developers that have 
been suggested for miniature negatives require 
six times the normal exposure, an increase that 
is inadmissible unless this disadvantage is 
offset by a great reduction in granularity. 

475. The fine-grain developers are slow- 
acting, in order to avoid the irregularities that 
result when development in an energetic develo- 
per is stopped at a low gamma value. Rather 
than slowing development by dilution, it is 
preferable to reduce the alkalinity to the 
minimum necessary for the developer to act. 
Developers containing hydroquinone need an 
effective buffer to limit the increase in the alka- 
linity resulting from the aerial oxidation of the 
hydi^uinone in the presence of sulphite (§ 409). 
Tlie use of borax is often sufficient with, or 
without, an excess of boric acid. 

In order to reduce the maximum gamma (y®) 
of the material to a level that is only slightly 
greater than the desired gamma value, and to 
reduce the effects of mistakes in working, the 
fine-grain developers are often doctored with 
a weak solvent for silver halide. Ammonium 
chloride (Lumi^re and Seyewetz, 1904) and 
ammonium sulphate (F. Burki and L. Jenny, 
1943) can be used though, in order to avoid the 
loss of ammonia gas from the developer, non- 
volatile amines may be preferred, such as ethy- 
lenediamine hydrochloride (P. W. Wittum, 
1935). Potassium thiocyanate (§ 665, P. Strauss, 
1937) about I g per litre may be used, or the 
sdphite concentration can be considerably 
increased (J. G. Capstaff, 1927). 

The neutral, or slightly alkaline, phenylene- 
diamine developers would be perfect if 'judged 
only on granularity, but these developers need a 
considerable increase in exposure. A number of 
factors lead to the view that development by 
,the phenylenediamines is, to a large extent, 
physical (Luppo-Cramer, 1936). It has been 
ob^rved (F. Baldet, 1943) that in the neigh- 
bourhood of gamma 0*9, a sharp increase in 
the granularity of the image is manifested in 
these developers. An error of 30 seconds in the 
time of devdopment or of o*2X in the tempera- 
ture of the bath can cause the gamma to exceed 
the critical value. 


Rather than choose a rapid, course-grained 
emulsion, whose high speed is largely sacrificed 
by using a fine-grain developer (which is always 
somewhat capricious), it is better to choose a 
slightly less rapid, finer-grained emulsion and 
to obtain its full emulsion speed by developing 
it in a solution of normal activity. 

476. Fine-grain Developer for Miniature Nega- 
tives. The following developer (the Kodak 
D76 formula), has been extensively used for 
the development of motion-picture negatives 
and variable-density sound tracks, and, latterly, 
for the development of miniature negatives 
that often may require to be enlarged 10 to 
15 diameters. A better-buffered variant (D7bd) 
has been described (H. C. Carlton and J. I. 
Crabtree, 1930) which gives identical results 
when fresh (pU — 8-4) but which changes less 
rapidly on exposure to air. These developers 
are very susceptible to the influence of the 
soluble bromide formed by the reduction of the 
silver bromide. 



D-jb 

DjbK 

D-jbd 

Metol 


(replenisher) 
3 « 

2R 

Sodium sulphite, anhy- 
drous . 

. 100 g 

lOOg 

100 g 

Hydroquinone 


7‘5K 

.SM 

Borax 

2 g 

20 g 


Boric acid (§ 4S0) 



W'ater to make 

T litre 

I litre 

1 litre 


These devekq)crs owe their special properties 
to their very high sulphite concentration which, 
in the time necessary to reach a gamma of 
about 0-8 (being on average 12 minutes in a fresh 
bath at 18 X), dissolves an appreciable part of 
the silver bromide from each grain. The silver 
ions thus brought into solution are reduced 
and give rise to a silver deposit on the walls of 
the tank, etc., and to a sediment. The negatives 
are slightly fogged. 

After developing about 20 ft of 35-mm nega- 
tive per litre of the bath, the time of development 
should be increased by about 25 per cent. 

If the replenishcr is used, it should be added 
in quantities just sufficient to maintain the 
bath at constant volume. The bath should be 
rejected after adding a total quantity of 
replenisher equal to its initial volume. 

In order to obtain an appreciably finer grain, 
the following developer may be used {pK = 7*0), 
which develops to a gamma of 0*8 in 40 minutes at 
20 ^* 0 . The exposure should be double that 
required when developing in D76 (R. W. Henn 
and J. I. Crabtree, 1944). i.e. double normal 
exposure. 
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Metol .... 
Sodium sulphite, anhydrous 
Sodium bisulphite . 

Sodium metaborate 
Water to make 


Developer Replenisher 
7-5 g log 

100 g 100 g 

1.5 g — 

— 20 g 

1 litre I litre 


Since this bath is very susceptible to the 
influence of bromide, the time of development 
should be increased by 15 per cent after develop- 
ing 5 square decimetres (about 80 sejuare in.) of 
film per litre of the bath. The bath should be 
rejected after developing 40 square decimetres 
(4i square ft) of him per litre. On the other 
hand, the time of development can be main- 
tained constant, the bath being rejected after 
120 square decimetres (about 14 square ft) of 
film have been developed, by adding g ml of the 
replenisher solution after each square decimetre 
(16 .square in.) of film, rejecting some of the used 
bath, if necessary, so that the level is main- 
tained constant. This procedure should be 
followed until bo square decimetres (bjj square 
ft) of film have been processed. The rate of 
adding the replenisher should be halved for 
the subsequent bo square decimetres of film. 

The very high concentration of sulphite in 
these developers leads to a very rapid exhaus- 
tion of chrome-alum stop baths if the negatives 
are not briefly rinsed on leaving the developer. 

Various methods of large-scale developing in 
two baths, achieving more economically the 
results given by Dyb, are described in (§479), 
and in (§ 4CS3), there is also a method of physical 
development for line-grain work suitable especi- 
ally for use by amateurs. 

477. Two-bath Development. Development 
in two successive baths may be applied to 
achieve widely divergent, and opposed, ends. 

It was very early applied for the correction 
of errors in exposure that became apparent 
at the moment that the image appeared (§ 445). 
Although this method of development is useful 
only in a limited field, an example will be des- 
cribed. Consider, as an extreme example, the 
expedient often recommended for increasing 
the development of the under-exposed shadows 
in a negative without making the density of 
the highlights too great. The negative is trans- 
ferred to a dish of water that is vigorously rocked 
to dilute uniformly the developer carried over. 
The negative continues to develop, by virtue of 
the developer contained in the emulsion, except 
in the highlights where the developer is almost 
instantaneously exhausted. However, it would 
seem that this method is not alwa3rs as effective 
as it is sometimes made out to be. The sensito- 


metric experiments of J. I. Crabtree and H. A. 
Miller (1939) have indicated that, in a case where 
the process has been claimed to be efficient, the 
transferring of the half-developed negative into 
an inert solution (water, glycerine, alkaline 
buffer) has given a result that could be exactly 
equalled by reducing the time of development 
by 25 per cent. 

Two-bath development is employed industri- 
ally to obtain a greater uniformity of results 
than can be achieved in a single replenished 
bath, and with a more economical use of the 
developer chemicals. On the one hand the two 
successive baths may differ only by the state of 
their exhaustion, but on the other hand they 
can be of very different composition. 

In the extreme case, two baths can be used, 
neither being, properly speaking, a developer, 
the complete developer being formed in the 
emulsion layer by the mixture of the develop- 
ing agent solution, with which it has been 
impregnated, and the alkali from the second 
bath. 

478. The following procedure (A. von Hubl, 
1897), based on the visual control of develop- 
ment, is applicable only to non-colour sensitive 
emulsions and to those which have been desensi- 
tized. 

25 g of anhydrous sodium sulphite and 20 g of 
glycin are dissolved in 70 ml of warm water ; 
100 g of crystallized potassium carbcuiate are 
added cautiously and, after the effervescence 
has ceased, the mixture is warmed until com- 
plete solution is achieved. It is tlien aUowed to 
cool. Add water to make the voluifle up to 
150 ml. The result is a light paste that should 
be stored in a well-stoppered bottle. 


Concentrated developer 
Potiuuiuin bromuie (lo per cent 
solution) 

Sodium hydroxide (lo per cent 
solution) 

Water to make 


j Trial 
bath 

Por Negatives 

Badly over- 
exposed 

Badly under- 
expoiied 

«i2 rnl 

60 ml 

1 

30 ml 

3 ml 

40 ml 

- 

I litre 

I litre 

20 ml 

1 litre 


The various developers are prepared by mix- 
ing. The negative is immersed in the trid bath 
which should be cooled to io®C (5o°F), if possible, 
when the development time will be one hour or 
more. On normally exposed negatives, the 
image appears in 15 minutes. In this case, develop- 
ment can be continued in the same bath or in 
one containing four times as much glycin and 
carbonate. 
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If the image appears in less than lo minutes, the 
negative should be transferred to the bath for 
over-exposed negatives where, at io°C, the 
development will be complete in less than an 
hour. 

If no trace of the image, except the sky, is 
apparent after 30 minutes, transfer the negative 
to the bath for imder-exposures where at 25X 
(77®F) development will be completed in 10 to 

15 minutes. 

479. The following methods were studied in 
connexion with the industrial, fine-grain 
processing of motion-picture, and miniature 
negatives (J I. Crabtree, H. Parker, and H. D. 
Russell, 1933). 

The first procedure consists of the use of two, 
successive D76 developers (§476). The first 
bath is fresh and is maintained in practically 
new condition by topping it up to constant level 
with fresh developer. The film remains in the 
developer for a short time only. After 2 minutes 
in the fresh bath and 18 minutes in the second 
bath, both at i8°C, the same gamma (078) was 
obtained as resulted after 16 minutes in the fresh 
bath, the loss in speed being only 25 per cent, 
while the loss would have b^n 50 per cent had 
the film been developed entirely in the second, 
or used, bath. By rejecting the second bath and 
replacing it by the first bath, and using a new 
first bath, the cost of the chemicals was 33 per 
cent less than that for a single, replenished 
bath. By limiting the exhaustion of the second 
bath to 8 metres of cine film per litre (instead of 

16 metres, in the above case), the consumption 
of chemicals was 33 per cent greater than in 
the case of a single bath, but the emulsion speed 
was X5 per cent greater. 

The same workers studied the successive use 
of two developers of very different composition, 
the first (A) b«ng a metol developer of moderate 
alkalinity (^H = 9-0), and the second (B) 
being D^. 

A B 


Metol 

Sodium sulphite, anhydrous 
Hydioquinone 
Borax, crystalline 
Water to make . 


2 g 2 g 
100 g 100 g 
— 5 g 


20 g 2g 
X litre I Utre 


A gamma value of 0*74 was obtained on the 
experimental film at iSXafter 3 minutes' immer- 
sicm in A followed by 12 minutes in B. At the 
start, the speed was the same as that in a sh^, 
fre^bathofDTfi. The first bath was mamtained 
at a constant level by topping up with fresh 
solution. The solution carried over on the film 


served to replenish the second bath. After 
developing 16 metres of film per litre of bath, 
the loss in speed (30 per cent) was the same as 
that in D76 replenished with a volume of solution 
equal to that of the initial bath, and used to 
develop a total of 4*2 metres of film per litre of 
initial bath. However, the rate of development 
to the critical gamma was maintained constant. 

480. Various workers have demonstrated the 
possibility of increasing the development of the 
shadows, while avoiding an excessive density 
in the highlights, by impregnating the emulsion 
with a sulphite solution of the developing agent 
and then transferring it to an alkaline solution. 
Sulphite is sometimes added to the alkaline 
solution to prevent a too-rapid oxidation of the 
developer diffusing into the bath, and bromide 
will appear in the solution as exhaustion pro- 
ceeds (P. Joanovitch, 1907, A. Odencrants, 1922). 

The sensitometric study of this method of 
development (J. I. Crabtree, H. Parker, and 
H. D. Russell, 1933) has shown an appreciable 
increase in useful emulsion speed and a sloping- 
off of the upper part of the characteristic curve. 
The maximum value of gamma is reached after 
3 or 4 minutes in the second bath, this value being 
increased by a longer immersion in the first 
bath which allows the emulsion to absorb a 
greater quantity of developing agent. The 
development is produced almost entirely in the 
second bath. The first bath, which is unchanged 
by the film bathed in it, can be entirely used up. 

The same workers studied the application 
of this method of working to fine-grain develop- 
ment in the case of motion-picture and miniature 
films. Since a sulphite solution of metol would 
develop without alkali (a gamma of 0 45 was 
reached after 16 minutes in the first bath) they 
slowed down its action, without changing the 
alkalinity, by adding sugar so that the image 
appeared in 4 minutes instead of 2 minutes. 

The films used in their experiments reached 
a gamma of 0*52 at i8°C after 4 minutes in the A 
bath followed by 4 minutes in B. The graininess 
was the same as that given by D76, the fog 
being somewhat less than that found in D76, 
while the emulsion speed was about 40 per cent 
greater. 

(A) Metol . 5g 

Sodium sulphite, anhydrous . xoo g 

Hydroquinone • 2 g 

Sunr . 100 g 

Sodium bisulphite 5 g 

Water to make . . . i Utre 

pH - 7-8 
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(B) Sodium sulphite, anhydrous . 100 g 
Sodium carbonate, anhydrous 100 g 
Potassium bromide 0-5 g 

Potassium iodide o-oi g 

Water to make . .1 litre 

= ir-4 

The first and second baths should be replaced 
after processing 45 metres and 22-5 metres of 
35-mm film per litre, respectively. The first 
bath is affected mainly by the accumulation of 
bromide washed out of the film, and resulting 
from the reduction of the silver bromide dissolved 
by the sulphite. The second bath becomes 
increasingly charged with developer. V^ariations 
in the temperature of the A bath affect the 
swelling of the emulsion, thus changing the 
amount of developing agent absorbed. This 
factor, as well as the time of immersion in the 
first bath, leads to a variation in the gamm^ 
obtained. 

481. Development in Tropical Climates. 
Various special precautions must be taken in 
hot climates. In the first place, development 
should not be deferred more than a few days, 
since the latent image sometimes suffers a 
gradual fading (regression) under the combined 
influence of high temperature and atmospheric 
moisture. Films are especially liable to this 
fadmg of the image. Next, the gelatine must 
be prevented from swelling excessively during 
the process ; such swelling might lead to various 
troubles (melting, frilling, reticulation, etc.). 
Finally, sudden changes of temperature must 
be avoided with the swollen gelatine ; these only 
increase the risk of accidents, and it is better 
to carry out the whole of the operations in baths 
at the surrounding temperature, even though 
it be high, than to use chilled baths for some 
parts of the process and warm water for others. 
In equatorial regions it is also advisable to carry 
out the work when the temperature is not so 
high, generally during the night. 

Alum hardening before or during development 
(addition of chrome-alum to an amidol develbppr) 
often produces inequalities of development. 
It has been suggested that the sulphite content 
be reduced to about 13 nains per 20 oz (1-5 g per 
litre) in order to allow hardening of the gelatine 
by the oxidation products of the developer, but 
in this way only the gelatine in the image is 
tanned, and this action is also too slow when the 
gelatine has been able to swell already as is . the 
case in hot climates. 

It is well to call attention to the fact that 
methods which, in temperate and dry climates. 


permit of the easy handling of plates and films 
up to 95°F, often fail when employed in hot 
and humid climates, producing reticulation at 
temperatures hardly greater than 8o°F. This 
anomaly may perhaps be due to the considerable 
quantity of water vapour absorbed by the 
gelatine before development. 

In order to prevent the swelling of the gelatine 
without preliminary hardening, addition is made 
to the developer (and to any baths such as 
desensitizers used before development) of 10 per 
cent to 20 per cent of sodium sulphate (§ 434) ; 
or alcohol is substituted for a certain proportion 
of the water. 

As the result of a systematic study of a great 
number of developers used at various tempera- 
tures up to 95®F, J. I. Crabtree (1917) recom- 
mended the following developer — 

Sodium sulphite, anhydrous 50 g 

Paraminophenol hydrochloride 7 g 

Sodium carbonate, anhydrous 50 g 

Sodium sulphate, crystals . 100 to 200 g 

Water to make . i litre 

The maximum quantity of sodium sulphate is 
employed only if the developer is at a tem- 
perature of about 95®F : at about 8o®F the 
minimum amount stated is quite enough. A 
slight reticulation should be produced only 
after 4 or 5 minutes* immersion in the developer, 
a time greatly in excess of the normal duration 
of development, in spite of the retardation due 
to the sulphate. Development takes twice as 
long with the lesser quantity of sulphate stated 
and three times with the larger quanti|y. 

Although this developer has little tendency 
to give chemical fog, it may be necessary, 
especially at the higher temperatures, to add 
to it a small amount of potassium bronpde. 

A slightly acidified amidol developer without 
any special addition may be used at tempera- 
tures up to 8o®F and more, by reason of the 
very slight swelling of ’gelatine in acid baths. 
This developer may be adapted to temperatures 
up to 95®F by the addition of sodium sulphate 
as follows (L. J. Bunel, 1924) — 


Sodium sulphite, anhydrous • 30 g 

Potassium metabbulphite . 10 g 

Amidol 5 g 

Potassium bromide . • 5 g 

Lactic acid (medicinal) . . 5 cc 

Sodium sulphate, cryst. . . 100 g 

Water to make .... 1 litre 


At higher temperatures than 95*’^. sodium 
sulphate, ev^ in Iwger amounts, no longer serves 
to prevent excessive ioftening of the gelatinie. 
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and part of the water normally used for making 
up the developer must be replaced by alcohol 

Whatever the developer employed, rinse the 
developed negative very rapidly, and proceed 
either with temporary “ fixing," according to 
§ 451, or with fixing in a combined hardening 
and ^ng bath (§ 492). 

482. intra-raj^ De^opment. In some spec- 
ial cases, e.g. in television, race-finish photo- 
graphy, and surgery under radiographic control, 
it is essential to be able to examine the image with 
the least possible delay that is compatible with 
obtaining an acceptable image. Since such results 
are only obtained to the detriment of the quality 
of the image, this method of working should be 
employed only in cases of extreme urgency. 

One of the means employed in order to accele- 
rate development is the use of high tempera- 
tures. Experiments have been made with 
special emulsions that can be developed at 
50^~6oX. Another way is to use very alkaline 
developers in which, at 25“C, the emulsion can 
remain for only a few seconds before it starts 
to disintegrate. Then there is two-bath develop- 
ment (§ 477) in which one of the factors causing 
acceleration is probably the heat released in the 
emulsion layer by the formation of phenolates. 

To develop in 10 seconds, Jaenicke (1937) 
suggested plunging the negative for 2 seconds into 
a 5 per cent solution of hydroquinone containing 
2*5 per cent of anhydrous sodium sulphite, and 
then for 2 seconds into a 30 per cent potassium 
hydroxide solution containing 01 per cent of 
potassium bromide and i part of .safranine in 
5,000 of the caustic bath to avoid aerial fog. 

The negative material can be soaked in a 
hydroquinone solution, and then dried, before 
exposing it. In this case, development can be 
effected by inunersing the prepared negative 
for I second in the alkaline solution. By dispens- 
ing with an intermediate rinse and proceding 
directly to an alkaline hypo fixer, the fixing time 
could be reduced to 5 seconds (H. Jaenicke, 1940) . 

Better results are obtained by developing 
for I minute in an alkaline-hydroquinone process 
developer (§471) to which lond of a 1/1,000 
safranine solution .and 10 ml of formalin are 
added. On the other hand a developer for 
under-exposed negatives (§ 466) may be used, to 
which, if it is for use in a continuous-processing 
machine, 10 g of sodium hydroxide are added 
litre (H. Parker and J. I. Crabtree, 1936). 
image is developed to a gamma value of 
about 0^55 and the loss of emulsion speed 
amounts to xo to 15 per cent. 


J. I. Crabtree and H. D. Russell (1944) 
particularly recommend the following method. 
After hardening the emulsion (§460) which 
requires 3 minutes, the image is developed in 1 5 to 
30 seconds at 30°C in — 


Methyl alcohol 

50 ml 

Metol 

Mg 

Sodium sulphite, anhydrous . 

50 g 

Hydroquinone 

Mg 

Scidium hydroxide 

*7-5 g 

Potassium bromide 

9g 

Water to make 

1 litre 


In cases of extreme urgency, the negatives 
may be examined after a brief immersion in the 
stop bath, or after iodizing (§ 451). 

WTien it is necesstary to make prints, fixing 
should be carried out in a warm, agitated bath. 
After a brief rinse, the wet negative should be 
enfolded in a sheet of thin cellulose-acetate film 
so as to avoid contact, during printing, between 
the paper and the fixing solution. On the other 
hand the negative can be projection-printed 
using an enlarger with a carrier, without glass, 
which can hold the wet negative. 

483. Combined Developing and Fixing. It is 
possible to carry out in a single bath, the 
development and fixing of a negative plate 
or film (papers cannot be treated this way 
without heavy fog resulting). This fact was 
known to W. D. Richmond (1889). It is, how- 
ever, only in recent years that it has been possible 
to obtain satisfactory results this way, and even 
then only in certain cases. For one thing, 
many emulsions, in order to give passable results, 
must be given considerable over-exposure. A 
further difficulty is that development and 
fixing are not equally affected by temperature 
variation. Fixing is retarded by heat and 
accelerated by cold more than is tlie case with 
development (C. E. K. Mees, 1921). This causes 
increased development in cold baths. 

Improving on the methods of C. Otsuki and 
T. Sudzuki (1914) and L. J. Bunel (1921), 
A. and L. Lumi^re and A. Seyewetz, (1924) 
recommended the following bath in which 
development and fixation are completed in 
15 to 20 minutes at temperatures between 60° and 
65®F. (About 50 ml are required for a quarter 
plate) — 

Sodium sulphite, anhydrous . 4 g 

Amidol • 0*3 g 

Sodium phosphate, tribasic . 2 g 

Hypo . 2*5 g 

Water to make . .1 litre 

When the solution has been used once it must 
be discarded. 
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Physical Development Before or 
After Fixing 

484. Physical Development before Fixing. 

Physical development, which consists in the 
deposition of nascent silver, formed in the 
developer, on the nuclei of the latent image, 
and which is the normal method employed for 
the development of the image in the wet- 
collodion process, is also applicable to gelatine- 
bromide emulsions. As a rule, however, the 
method has no advantages over ordinary 
chemical development. The method of physical 
development is not always applicable to ortho- 
or panchromatic emulsions, nor to ordinary 
emulsions after desensitization, because the 
dyes absorbed by the nuclei of the image 
sometimes prevent development (LumicVe and 
Seyewetz, 1924). 

The precipitation of silver may be brought, 
about in solutions which arc alkaline, neutral, or 
arid. One of the most commonly employed 
methods is that of Liippo-Cramer (1903, 1923). 

The stock solution is prepared as follows — 

Metol . 15 to 20 g 

Citnc acid . . 100 g 

Sodium citrate . I5g 

Water to make . . . i litre 

The formation of mildew in this solution may 
be prevented by the addition of a small quantity 
of phenol. When required for use, take 
100 ml of this solution and add from 3 to 
10 ml of a 10 per cent solution of silver 
nitrate. Development is very slow. As soon as 
the developer becomes turbid it must be replaced 
by a fresh quantity. 

Plates of recent manufacture must be used 
and the exposures given must be large. One 
condition of success is that all dishes employed 
must be quite clean ; it is best to use a glass dish 
which has been very carefully cleaned. 

It has been proposed (A. Schmidt, 1896) that 
when a plate has been found to be over-exposed 
chemical development should be stopped at 
once by washing in water, the plate being then 
treated by a physical developer. 

485. S^-physical Fine-grain Developmmt. 
Liippo-Cramer (1921) noted that physical 
development is accderated, and does not require 
a heavy over-exposure, when the silver bromide 
has been superficially iodized, the disturbance 
of the grain surface allowing access of the 
developer to the latent-image specks that are 
formed in the interior of the pains (denudation 
of the latent-ima^e nuclei). Tms method has been 
applied to miniature negatives for physical 


development before fixing in order to obtain 
fine-grain images (A. F. Odell, 1933). The 
negative should be given double the exposure 
that would be required for normal development. 
This loss in speed could be largely avoided by 
prolonging the development, but this would 
adversely affect the granularity. 

The iodization is achieved by immersing the 
negative for a maximum time of 60 .seconds in a 
solution containing i per cent of potassium 
iodide and 2*5 per cent of anhydrous sodium 
sulphite. The negative should then be well 
rinsed. 

The developer is prepared immediately before 
use by dissolving 1*5 g of amidol in 800 ml 
of water and adding 200 ml of the following 
stock solution — 

Sodium sulphite, anhydrous (20 per cent 

solution) ...... 400 ml 

Silver nitrate (4 per cent solution) . 500 ml 

Sodium thio.sulphate (hypo) . . . • 150 g 

The hypo is added after the precipitate of 
silver sulphite has redissolved in the excess of 
sodium sulphite. The of the solution should 
be between 9-2 and 9*3. It may be increased, 
if necessary, to bring it to the correct value by 
small additions of very dilute ammonia solution. 
I f the cannot be checked, a quantity of borax, 
equal in weight to the silver nitrate, should be 
added (F. R. McQuown, 1939). 

The development, which is complete in about 
30 minutes, is accompanied by some chemical 
development. The straight-line portion of the 
characteristic curve is slightly longer than in 
the case of chemical development (P. V.' Turner^ 
1938). The image has a light grey appearance, 
so that, after fixing, it appears as a positive 
when viewed by reflected light against a dark 
background. 

486. Physical Development after Fixing. The 
possibility of developing after fixation was 
established in 1858 for wet-collodion plates by 
Young and in 1894 for gelatine-bromide plates 
by Kogelmann. 

The negatives should be well over-exposed, 
more so for materials of high emulsion speed. 
The fixing bath should be made alkaline, or 
sulphite should be added to limit the tendency 
of the thiosulphate to attack the stiver forming 
the latent im^e. 

The following procedures (A. and L. Lumi^re, 
and A. Seyewetz, 1911 ; 1924) yield silver and 
mercury images respectively. The negative is 
fixed in a 30 per cent solution of sodium thio- 
sulphate to which I per cent of concentrated 
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(20 per cent solution) ammonia solution has 
been added. After a maximum of 5 minutes the 
fixed negative is washed in several changes of 
ammoniacal water, then, for the last time, in 
plain water. After the fixing is complete, all 
operations can be carried out in white light. 

The developer is prepared, immediately before 
use, by mixing 5 volumes of one of the A solu- 
tions with I volume of the corresponding B 
solution— 

Silver Mercury 

(A) Sodium sulphite, anhydrous . 180 g i8og 

Silver nitrate, 10 per cent 
solution . . 75 ml — 

Mercuric bromide . — g g 

Water to make .1 litre i litre 


(B) Sodium sulphite, anhydrous . 20 g 20 g 

Paraphenylenediamine (free 

base) . 20 g — 

Metol — 20 g 

Water to make .1 litre 1 litre 

The image appears slowly and reaches a 
printable gamma only after several hours, the 
bath being renewed ever>^ hour. The image is 
light grey by reflection and grey-violet by trans- 
mitted light. After developing for 30 minutes, 
an image of suflicient contrast for printing can 
be obtained by intensification. 

An old negative, from which the mercury has 
evaporated, can be restored by developing it 
again (H. Leffman, 1923). 



CHAPTER XXIX 
FIXATION 


487. The Purpose of Fixation. Fixing and wash- 
ing are necessary in order, firstly, to convert 
the salts of silver remaining in the image, after 
its development, into solu&e substances, and, 
secondly, to remove them. Contrary to common 
opinion, the former of these processes is by far 
the more important ; washing, no matter how 
prolonged, can only remove soluble substances, 
and is not effective if the previous process of solu- 
tion has not been carried to completion by fixing. 

It should be mentioned that after as perfect 
a fixing as possible there always remains, under 
the greatest densities of the image, a very srnall 
amount of silver bromide, which can be developed 
or dissolved after the silver of the image has 
been eliminated by a sulphuric solution of 
permanganate. 

488. Solvents of the Silver Halides. It must 
be said at the outset that there are no true 
solvents of the chloride, bromide, or iodide of 
silver. When sugar is dissolved in water and 
the latter is evaporated, spontaneously or by 
boiling, the sugar is recovered in its original 
condition ; this is really a case of true solution. 
If silver bromide be submitted to the action of 
one of the saline solutions which are generally 
considered as its solvents, the evaporation of 
the liquid so obtained will never leave behind 
silver bromide ; the residue will consist of trans- 
formation products of this salt, due to the 
chemical interaction of the silver salt and the 
fixing salt. This fine distinction is of great 
practical importance. 

The first practical fixer to be used was sodium 
thiosulphate (then known as hyposulphite of 
soda, hence “hypo”^) employed for this purpose 
by Herschel (son of the astronomer) in 1839. 
Sodium thiosulphate, though it deals effective^ 
with the silver chloride and bromide is only 
a very mediocre fixing agent for photographic 
coatings containing mainly silver i(^de. It was 
abandmed on the introduction of the wet collo- 
dion process, in which fixing was done hy a 
solution of potassium cyanide. Potassium 
cyanide is now almost entirely replaced by sodium 

^ Throucthout this chapter ‘'thiosnlphate" will be 
lued when making a apeicifically chemical reference; 
'*hypo*' is need when dealing with sodimn thiosulphate, 
etpeciatty in matters of fladng practice. 


cyanide. Both of these salts, even in very small 
amounts, are extremely dangerous poisons, if 
absorbed by the mouth or through a scratch in 
the skin. Exposed to the air, their solutions 
slowly liberate hydrocyanic acid, which by 
accumulating in a badly ventilated place — ^as 
many photographic darkrooms are — ^may cause 
indisposition or even serious illness. Sodium 
thiosulphate returned to favour when the gela- 
tine-bromide plate replaced, except for certain 
special applications, the collodion processes. It 
may be considered as being practically the only 
fixer in common use. 

The various other substances capable of 
converting the halides of silver into soluble 
substances are considerably more difficult to 
use. The solutions so obtained are not very 
stable and are precipitated on dilution, and do 
not permit of final removal by washing. This 
is notably the case with ammonia (ineffective for 
iodide of silver), with sulphites and bisulphites 
(only slightly active), with sulphocyanides (thio- 
cyanates), with thio-urea and its derivatives. 

489. Sodium Thiosulphate. Sodium thiosul- 
plate (or hyposulphite) (NajSjOj, 5H2O} occurs 
in crystals of varying size, of specific gravity 17, 
containing 64 per cent of the active substance 
(anhydrous thiosulphate) and 36 per cent of 
water. It is deliquescent in moist air £^d very 
soluble in water, but insoluble in alcohol. It 
melts at about in its own water of 

crystallization, and is completely dehydrated 
by heating to a temperature above 2I2°F, 
but this leads to partial decomposition unless 
special precautions are taken, and thus the price 
of anhydrous thiosulphafie is rather higher than 
that of crystalline. 

On dis^lving in water, sodium thiosulphate 
lowers the temperature; for this reason the 
preparation of solutions should not be left until 
they are required for use. For making up 
quantities of sodium thiosulphate on the com- 
mercial scale, a Baum^ hydrometer should be 
used, together with the following table, Which 
rdtrs to a temperature of 6o°F— • 

..j2i ^ ^ 

SolutioDS of thiosnlpbate decompose slowfy, 
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even when kept from air and light ; sulphur is 
deposited, whilst a little sulphite is formed in 
the solution. 

With very few exceptions, acids (even the 
weakest) and acid salts decompose thiosulphate 
more or less rapidly, according to the concentra- 
tion and strength of the acid. This decomposi- 
tion manifests itself by the gradual formation of 
sulphur, which is set free in such a condition 
(colloidal sulphur) that it is only seen \iith 
difficulty. The particles unite with one another, 
and at hrst a bluish opalescence appears, then 
a white turbidity, and finally a yellow precipitate 
is formed ; at the same time sulphur dioxide 
and sometimes sulphuretted hydrogen are set 
free, whilst in the solution sodium s^phate and 
thionates (Seyewetz and Chicandard, 1895) arc 
formed. Once started, this decomposition goes 
on until the thiosulphate is completely destroyed. 

Among the common acids and acid salts, 
boric acid and sodium bisulphite alone cause 
no decomposition of thiosulphate solutions ; or 
at any rate, the decomposition is so slow as 
not to occur during normal times of storage. 
However, sulphiding of sensitive plates or papers 
has been noted in a darkroom, where a dish is 
alwa)^ kept containing such acidified fixing 
baths. 

This property of sodium bisulphite in relation 
to thiosulphate causes sodium sulphite to behave 
as a protector of thiosulphate against acids. 
The latter are not able to attack the thiosulphate 
until all the sulphite has been converted into 
bisulphite. 

Neutral or acidified solutions of thiosulphate 
attack a great many metals, the action being 
particularly rapid in the case of zinc, so that 
zinc washing trays are quickly corroded when 
used continually. Nickel is only slightly at- 
tacked. and tanks of this metal may therefore 
be used for fixing baths, provided that the 
solutions are removed when fixing has been 
finished. For commercial use, tanks of wood, 
glazed earthenware, or even of lead, lapped and 
self-soldered, are employed. The addition of 
I per cent sodium sulphate to fixing baths 
prevents or retards considerably the attack of 
acid fixers on lead (G. Milliani, 1921) without 
interfering with the normal course of’ fucing. 

Neutral thiosulphate solutions attack metallic 
silver only veiy slowly, even when it is in 
such a finely divided condition as in photo^aphic 
negatives ; even then, free access to the air must 
be allowed for the action to occur (Haddon and 
Grundy, 1896). There is no harm in leaving 


photographic images for several hours in a 
neutfd fixing bath, provided that the negatives 
or prints are fully covered with solution; an 
appreciable reduction would appear on any 
portions sticking up from the liquid or lying on 
the surface. 

Acid solutions of sodium thiosulphate, on 
the other hand, slowly attack metallic silver 
(A. Lainer, 1890) without the intervention of 
atmospheric oxygen, the solution of all the silver 
in a negative sometimes being complete in 48 
hours. Leaving negatives or prints for long 
periods in acid fixing baths is therefore to be 
avoided. 

Alkaline thiosulphate solutions have prac- 
tically no action on the silver of photographic 
images. The silver of images fixed with sodium 
thiosulphate contains traces of some sulphur 
compound not yet identified. After dissolving 
away the silver by means of suitable reagents, 
this substance remains in the coating in the 
form of silver sulphide (Liippo-Cramer, 1923). 

490. The Chemisfxy of Fixation. When a very 
small quantity of thiosulphate comes in contact 
with a large excess of a salt of silver it lends to 
form silver thiosulphate; this salt is unstable, 
like almost all thiosulphates, and decomposes 
quickly into brown or black insoluble silver 
sulphide and sulphuric acid, which remains in 
solution. This explains the stains formed on 
sensitive surfaces, particularly on print-out 
papers (containing soluble silver salts), when 
they are touched by fingers soiled with hypo. 

It is quite otherwise when the salt of silver 
comes in contact with a large excess of hypo 
in sufficiently concentrated solution. Again, 
silver thiosulphate tends to be formed, but this 
salt combines at once with excess of sodium thio- 
sulphate. forming complex thiosulphates of silver 
and sodium. These salts are comparatively stable 
and are sharply differentiated in all their proper- 
ties from a mixture of the two simple thiosulphates. 
For example, these complex thiosulphates have 
a sweet taste, whilst s^um thiosulphate has 
a bitter and sulphurous taste, and the salts of 
silver generally have a disagreeable metallic taste. 

The composition of these complex salts ap- 
pears to vary according to the nature of the 
salt of silver which is caused to react with 
sodium tliiosulphate (Gaedicke. 1903 ; Lumi^re 
and Seyewetz, 1907). Whatever the original 
salt of silver, however, according to the 
proportions of hypo and of the silver salt, one 
may always obtain either a soluble complex thio- 
sulphate or an insoluble complex thiosulphate. 
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The formulae of these salts are respectively 
(H. Baines, 1929)— 

(A) Insoluble complex thiosulphate 

AgNaSjOg, H2O. 

(B) Soluble complex thiosulphate 

Ag3Na5(S203)4, 2 H 2 O. 

Solutions of complex thiosulphates may be 
caused to deposit the complex salt (B) (e.g. by the 
addition of alcohol), whilst solutions saturated 
with silver deposit spontaneously the insoluble 
salt (A). 

It is obvious that it is the formation of the 
soluble complex thiosulphate which must be 
aimed at during fixing, because only a soluble 
salt can be removed by washing. The soluble 
complex thiosulphates contain, for a given 
quantity of silvt'r thiosulphate, a higher pro- 
portion of sodium thiosulphate than the insoluble 
thiosulphate; their formation requires the 
presence of a large excess of available sodium 
thiosulphate, which is not already saturated 
with salts ol silver. 

These complex salts decompose spontaneously 
in the cold, depositing silver sulphide; this 
decomposition is very rapid in the absence of an 
excess of hypo and is accelerated by heat and 
light. The soluble complex salt is decomposed 
in a pure aqueous solution it its concentration 
corresj>onds to inon' than 3*24 per cent of metallic 
.silver , tin* greater its concentration the greater 
the excess of hypo required to render it stable 
(E. Rdmmler, iq2q). It is well known that used 
fixing baths deposit in time a black sludge 
consisting mainly of sulphide oi silver. 

The rules which must be followed in order to 
ensure the effective fixation of photographic 
plates, films, and papers follow logically from 
these facts. 

49Z. The Mechanism of Fixation. The mech- 
anism of fixation has been studied specially by 
Sheppard and Mees (1906) and by Warwick 
(1917). These workers used very different ex- 
perimental methods, but arrived at identic^ 
conclusions, which are in conformity with the 
general laws of physical chemistry. 

A fixing bath dissolves per unit time a con- 
stant fraction of the mass of silver bromide 
existing in the coating at the commencement of 
the interval of time considered. 

The magnitude of this fraction depends on the 
temperature and on the effective concentration 
of the bath; it is independent of the silver 
content of the emulsion, of the quality of the 
gelatine, of its degree of swelling, and even of 


previous hardening of the film ; it is greater for 
silver chloride than for the bromide, and for 
the bromide than for the iodide; for the same 
silver salt it is greater if the emulsion is one 
consisting of fine grains. 

The disappearance of the milky layer of silver 
bromide does .not indicate that the solution of 
this substance is complete, but only that the 
opalescent layer is so much reduced as to be 
invisible ; at this instant there may still be more 
than 5 per cent of the original silver halide 
undissolved. Some very ingenious experiments 
by E. R. Bullock (1922) appear to show that 
when fixing emulsions consisting of silver iodo- 
bromide, the silver bromide is almost totally 
dissolved when the solution of the iodide is 
beginning. 

in the same way that the best time of develop- 
ment may be determined by multiplying by a 
suitable factor the time taken for the first details 
of the image to appear (§ 381), so, by multiplying 
the time of disappearance of the silver bromide 
by a factor, the time necessary to give satis- 
factory fixation may be calculated. The best 
margin of safety is obtained, when single-bath 
fixation is employed, by keeping the negative 
in the fixing solution after the apparent dis- 
appearance of the silver bromide for a time 
equal to that taken for the milkiness to dis- 
appear. If, for example, at the time of dis- 
appearance of the visible silver bromide 95 per 
cent of this salt has been dissolved, keeping 
the negative in the bath for another period 
equal to the first will allow of the solution 
of 95 per cent of the residual silver bromide, 
which is no more than 5 per cent of the original 
amount present. Thus 95 -}- 475 (= 9975) per 
cent will be dissolved ; the residue, amounting to 
more than 0-25 per cent of the original quantity 
of silver bromide, will be partially dissolved in 
the first of the washing water since the latter 
soon takes up a sufficient quantity of sodium 
thiosulphate to behave as a supplementary 
fixing bath. 

The curves in Fig. 29.1, taken from the experi- 
ments of Warwick, show, for a surface of i sq 
dm of negative emulsion of average coating 
weight, the quantities of silver bromide (ex- 
press in weights of metallic silver) to be dis- 
solved and already dissolved at the various 
stages of fixing in a 20 per cent solution of 
hypo at 65 ®F. The curves shown as heavy lines 
refer to an undevdoped plate ; the finer lines 
refer to a developed plate. A study of the 
curves shows the gredual progress of fixation. 
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492. Additions to Ftziiig Baths. Attheinstant 
of phmging ne^tives or prints into the fixing 
bath, the gelatine (and in the case of papers 
the base a^). in spite of intermediate rinsing, 
is impregnated with the developing solution, 
especially in the deeper layers of the Sm. There 
is thus danger of development continuing 
in irregularly-distributed zones. Further, the 
accumulation of these substances in the fixing 
bath as more and more negatives are treated 



Fig. 29.1. Stagbs of Fixing 
(W arwick) 


tends to produce troubles such as dichroic fog 
(§ 433) or general coloration of the gelatine by 
the oxidation products of the developer. Lastly, 
under these conditions, the fixing bath would 
become s%htly alkaline, and it is in such alka- 
line media that maximum swelling of gelatine 
occurs, so that it becomes very tender and tends 
to reticulate (§ 434). These ^fficulties may be 
avoided by adcfifying the fixing bath to a 
di^t extent by the addition of sodium bisul- 
plute (J. M. Eder. 1889). or of acetic acid in 
presence of sodium sulphite, (A. Lainer. 1889) 
or of boric add (H. Reeb, J. 1 . Crabtree. 
1933 )* 

Sheppard. Elliot, and Sweet (1923) showed 
that whenever considerations of cost do' not 
prohibit the use of acetic add. the mixture of 
this add with sulphite is much the best ; in 
p r ese n ce ci the acetate of sodium so formed the 
nee addity corresponds to only a fraction of 
the total available acidity, the difierenoe form- 
ing a reserve of acidity. 

An d^ectkm sometimes made to the use of 


add baths is that the exhaustion of the solution 
is masked, and that thus there is a risk that the 
bath may be used beyond its power, the perman- 
ence of ^e images not being ensured. A neutral 
bath soon begins to become discoloured by the 
oxidation products of the developer and to 
throw down a brown sludge of silver sulphide and 
reduced silver, changes which suggest the neces- 
sity of replacing the old bath by a new one within 
a reasonable time. 

When the temperature of the bath or of the 
wash water, or of the air in which drying is to 
be done, rises above 68°F. it is advisable to 
harden the gelatine. From every point of view 
it is best in such cases to combine this operation 
with that of fixation by adding an alum to the 
fixing bath. It remains, therefore, to decide 
which of the two available alums, ordinary alum 
(white) or chrome-alum (violet), is preferable. 
Taking into account only hardening efficiency, 
chrome-alum should be chosen, and this 
is, in fact, always used in very hot climates; 
its price is, however, considerably greater than 
that of ordmary alum, and also certain printing 
papers when treated with chrome-alum retain-— 
even after washing — a very slight green tint. 

After treatment with alum, the tendency of 
gelatine to swell is greatly reduced, and its 
melting point is very considerably raised, some- 
times to a temperature above I58®F. 

In a warm and moist atmosphere spontaneous 
drying is generally slower than the growth of 
liquefying bacteria. Gelatine which has been 
suitably treated with alum will resist even the 
heat of direct sunshine, and diying can then be 
sufficiently rapid to prevent local liquefaction 
(L. J. Bunel, 1924). Gelatine may be hardened 
by solutions of formalin (formaldehyde), but, 
whilst cases of slow alteration, physical or 
mechanical, are rare with alum-hardened gela- 
tines, several have occurred in which formalin- 
treated gelatines have become brittle or even 
powdery. Thus it is advisable, except for nega- 
tives or prints which are of merely passing m- 
terest, always to avoid the use of formalin or 
its derivatives (trioxymethylene, etc.). Forma- 
lin is much more effective in a solution rendered 
alkaline (ammonia must not be used) than in a 
neutral or acid solution, and may. therefore, 
then be used at a greater dilution; rinse in 
water after each immersion in formalin. It may 
be added that formalin is very irritating to the 
eyes and the lungs, has a very unpleasant smell, 
and causes an objectionable hardening of the 
ddn. Very many other substances with an 
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aldehyde character (hydroxyaldehydes, dial- 
dehydes, etc.), can be employed for hardening 
gelatine. 

493. The Chemistry of Fixation in the Presence 
of Alum. Ordinary alum Alj (504)3, K2SO4. 
24 HjO, occurs in large crystals or, more com- 
monly, as a white powder obtained by crushing 
the crystals. The solubility in water is about 
() per cent at 5o°F, 13 per cent at 68°F, and 30 
per cent at I04°F. The salt and its solutions are 
stable. The active substance in it is the alumi- 
nium sulphate which may. in fact, be used in 
place of it in proportion of two parts of alumi- 
nium sulphate to three of alum. 

Chrome-alum, Cr2(S04)3. K2SO4, 24H2O, 
usually occurs in large dark-violet crystals of 
satisfactory purity. The substance itself and 
its solutions are very stable; at the most the 
crystals lose a little water from the surface, 
Ix'coming covered with a grey powdery layer. 
Its solution, when prepared cold, is greyish- 
violet, becoming green when warmed. This 
change of colour accompanies a modification in 
the internal structure of the salt, but this leads 
to no appreciable alteration in its hardening 
power, ('hrome-alum is more soluble than 
common alum, especially on warming the mix- 
ture so that the change to green occurs; the 
solubility then becomes more than 50 per cent 
at 6S"F. 

The reactions of ordinary alum with sodium 
thiosulphate have been studied very completely 
by Seyewetz and Chicandard (1895) ; the 
reactions are almost the same with chrome-alum. 

On prolonged boiling, hypo and alum are 
mutually and completely decomposed ; sulphur 
and alumina are precipitated, sulphur dioxide 
is liberated, and sodium sulphate is formed in 
solution. 

In the cold the reaction is different ; alumi- 
nium thiosulphate tends to be formed. This 
substance is very unstable, and breaks down 
into aluminium sulphate and hydrogen sulphide. 
The latter, by reacting with excess of sodfuip 
thiosulphate, slowly yields sodium bisulphite 
and sulplude with precipitation of sulphur. 
The aluminium sulphate t^ing regenerated, the 
same reaction is repeated, but ^ways slowly; 
because of the protective action of the sodium 
bisulphite, which is formed and which is only 
very slowly converted into thionates. The 
accderation of these reactions on wanning the 
mixture is made use of for the sulphide toning of 
prints on development papers (§ 736). 

These reactions may be prevent^ or, at least. 


very much retarded, by the addition of sodium 
sulphite or bisulphite (Seyewetz and Chican- 
dard), or of sodium acetate or citrate (P. Mcrcier, 
1894). 

Hardening by alums is favoured by neutral 
or alkaline conditions, but when a mixture of 
ordinary alum and hypo is stabilized by sulphite, 
acid must be added, otherwise a white precipi- 
tate of aluminium sulphite will be deposited. 
This deposition of aluminium sulphite would 
occur, especially within the gelatine, on account 
of the alkali of the developer carried over with 
the negative, and this precipitate would be 
very difficult to remove. 

For the different reasons given in the preced- 
ing paragraph and above, an alum fixing bath 
must be acid to a sufficient extent to prevent 
precipitation of aluminium sulphate, even after 
a comparatively large quantity of developing 
solution has been added to it. It must, however, 
not be so acid as to decompose the hypo. 

Hardening by alum is considerably reduced 
by the action of oxalic, tartaric, or citric acids, 
or of their salts, especially at high concentra- 
tions. Acetic, formic, and analogous acids and 
their salts are free from this drawback. Alum- 
hardened gelatine may even be de-tanned by 
immersion for some time in a 5 per cent solution 
of citric acid (Proctor and Wilson, 1916). 

494. Fixing Capacity of Thiosi^hate for 
Silver Halides. Sodium thiosulphate does not 
dissolve with equal facility the different silver 
salts occurring in an emulsion. Moreover, the 
power of the same weight of hjqx) to dissolve 
the same silver salt increases as its concentra- 
tion is raised. The following values correspond 
with saturation of the hypo after long mechani- 
cal agitation, gelatine being absent (Richards 
and Burnells Faber, 1889) — 

Weight of halide diuolved per litre 

Concentration of . ■ ■ — ■ % 

H)po Sliver chloride Silver bromide Silver iodide 
10% 41 g < 37g 3C 

so% 91 g 78 g tog 

50% - »I3 8 — 

Under normal conditions of photo^phic 
practice the dissolving power of hypo is con- 
siderably less. 

Almost all modem negative emulsions contain 
silver iodide, whidh is pre^nt also in some 
positive emulsions (notably in positive motion- 
picture emulsions). This iodide tends to lower 
considerably the fixing power of hypo. The 
inactivity of hypo towards silver iodide explains 
the slow fixation of certain very sensitive 
emulsions, and espedall^ anti-halation plates 
having a substratum of Suver iodide. ^ 
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1 

Weight of 
ftilver bromide (mg) 
dttK^ed per litre 
of iatuiat«l solutioii 

i 

Weight of 
iilver bromide 
dissolved in i 
litre of bath 
without 

subsequent stain 

Weight of 
silver bromide 
dissolved in 
g pwgof 
hypo 

Average number 
of 9 X za an 
negative fixed 
per litre without 
subsequent stain 

Sodium thiosulphate 5**;, . 

ao 

l »-5 

0-350 

33 

Sodium thiosulphate 

63 


0 - 25.1 

100 

Sodium thiosulphate 43*^0 

■ 1 M 5 1 

50 I 

0-1X1 

»33 

Sodium thiosulphate 15% and 1-5% bisulphite 


ih’S 

0-110 

45 

The same with 0*5% chn>nie>aluni 

1 I 

22 1 

0 147 

(to 


It must also be remembered that every plate, 
film, or print introduced into the fixing bath, 
brings with it a certain amount of water and 
takes away with it an approximately equal 
amount of the fixing solution, when it is trans- 
ferred to the washing tank. Thus the bath is 
gradually diluted, and at the same time the 
total amount of available hypo decreases much 
more rapidly than it would do merely on account 
of the reaction of sodium thiosulphate with the 
silver salts. 

By putting more and more negatives or prints 
into a fixing bath in an attempt to saturate the 
solution with silver salts, the disappearance of 
the silver salts would be rendered very slow, 
and the last samples to be fixed in a reasonable 
time would certainly become yellovish after some 
days, due to silver sulphide, formed from the 
insoluble complex thiosulphate and occurring 
fairly uniformly throughout the gelatine layer. 

The first determinations in this field having 
an immediate practical bearing on photography 
were those of Lumi^re and Seyewetz (1907). 
These authors did not confine themselves to the 
determination of the maximum solubilities of 
silver bromide in pure hypo, hypo with bisul- 
phite, with and without chrome-alum; they 
also determined the silver content at which any 
of these baths must be considered as unsuitable 
for further use, at least when fixation is carried 
out in a single bath. 

The above table summarizes the results. 

These results show that with single-bath 
fixation the efficiency of action of the hyp^ 
decreases as its concentration increases, and is 
still further depressed by acidification of the 
bath, especially in the ab^ce of alum. 

It is somewhat* curious that, in spite of the 
fact t^t silver chloride is more soluble than 
the bromide in sodium thiosulphate, the prac- 
t^ limit of fixation is more rapidly reached 
in the case of the chloride; solutions of hypo 
saturated with silver chloride more easily 
deposit the insoluble complex thiosulphate. 

495. Speed of Fisatkm--Vaiious Factors. The 
influence of the concentration of the bath and 


its temperature on the rate of fixation has been 
very carefully investigated by Welbome Piper 
(1912-1914) ; the two graphs (Figs. 29.2 and 
29.3) show, for a given emulsion, the nature of 
the variations which occur when the first phase 
of fixation (disappearance of the milky film of 
halide) in pure sodium thiosulphate is considered. 

It is seen that whatever the concentration of 
the fixer, the process is most rapid at the higher 
temperatures, and the greatest speed is always 
obtained at a concentration of 40 per cent. At 
higher concentrations fixation becomes slower 
as the concentration rises, on account of the 
increased difficulty with which these solutions 
diffuse into the gelatine. 

The experiments of this author comparing the 
thiosulphates of sodium, potassium, ammonium, 
and calcium showed that for each thiosulphate 
fixation is most rapid at a certain concentration. 
For the sodium and ammonium thiosulphates 
the optimum concentrations are respectively 
40 per cent and 15 per cent ; the duration of 
fixation is the same for both at a concentration 
33 per cent ; at lower concentrations than 
this the sodium salt acts more slowly, but more 
rapidly at higher concentrations. For example, 
at 20 per cent concentration the ammonium 
salt fixes five times more quickly than the sodium 
salt. 

The rate of fixation is reduced as the bath 
becomes charged with more silver ; the following 
table (P. Strauss, 1925) shows the influence of 
silver salts on the time of disapi)earance of silver 
bromide in a 25 per cent solution of hypo. 


Stiver salt dissolved per 

100 ml of bath 

Silver 

bromide 

Silver 

chloride 

0 

73 WC 

73 sec 

* g 

92 

92 .. 

2 g 

101 ,, 

94 M 

4g 

121 ,, 

112 ,, 

6g 

239 M 

204 ., 


Silver chloride retards fixation less than an 
equal weight of the bromide, despite the fact 
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that the chloride contains 75 per cent of silver addition of ammonium chloride to a solution of 
and the bromide only 57 per cent. From this hypo allows it to dissolve more silver iodide, 
it is evident that the exhaustion of the bath, The accompanying graph (Fig. 29.4) sum- 
marizes the observations 


of Welbome Piper (1914) 
on this subject. It is seen 
that for each concentra- 
tion of hypo there is an 
optimum concentration of 
ammonium chloride. This 
optimum becomes smaller 
as the concentration of hypo 
is increased. 

The acceleration of fixa- 
tion by the addition of 
ammonium salts is, how- 
ever, counterbalanced by a 
disadvantage (Lumidre and 
Seyewetz. 1908). The com- 
plex thiosulphates of silver 
and ammonia formed under 
these circumstances are 
much less stable than the 
complex thiosulphates of 
sodium and silver ; the 
practical limit of use is only 
about half, and the risks of 
caused by the formation of silver thiosulphate, discoloration of the image are incres^ed. This 
is not the only factor to be considered, but that acceleration, although advantageous in cases of 
the rate of fixation must be influenced by other 



Fig. Variation of Fixing Fig. .iy.3. Variation of Fixing 

Action with Temperature Action with Strength of 

(Piper) Hypo Bath 

(Piper) 


salts arising from the reactions occurring. As 
a matter of fact, the addition of sodium bromide 
to the bath retards fixation, whilst sodium 
chloride accelerates it. 

By reason of the very small solubility of silver 
iodide, the presence of a very little iodide in a 
solution of hypo is sufficient to retard taxation 
considerably ; the following table shows the 
retarding influence of this salt on a 25 per cent 
solution of hypo. 

Potiuiuni Iodide in loo ml of 

the bath .... o'oo o'oa 0*06 0*33 « 

Timcolftsation ... 73 9 i >47 SS> wc 

Sodium sulphate slightly retards fixation, and* 
all the salts of the heavy metals (copper, lead, 
etc.) behave in the same way. The nitrates of 
sodium or potassium accelerate fixation when 
present in small quantities, but at concentra- 
tions of 4 per cent or above they retard it. The 
salts of ammonia, particularly the chloride 
(ammonium chloride, or sal ammoniac), have a 
very strong accelerating action, which is, how- 
ever, not so great with emulsions containing 
silver io^de (^fa, 1906 ; Lumidre and Seyewetz, 
1908 and 1924), in spite of the fact that the 



Fig. 29.4. Effect of Ammonium Chloride on 
Rate of Fixing 
(Piper) 

extreme urgency, has no practical application in 
ordinary work, particularly when negatives 
are to be kept. 


•X— (C.36SO) 
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496. Fixation In Two Sucoessiye Baths. In all 
industrial operations involving the extraction of 
a substance by a solvent, the mass to be treated 
is at first extracted with solvent already almost 
saturated in previous operations, fresh solvent 
being used only to extract from material which 
is almost exhausted. Often, indeed, the process 
is made continuous by causing the solvent to 
circulate in the opposite direction to that of the 
material to be treated. This method of system- 
atic extraction, which allows a solvent to be 
used most efficiently, may be applied with 
advantage to photographic fixation ; it permits 
of making the most of a solution of hypo whilst 
giving perfect fixation and permanence of the 
images. Furthermore, it has the advantage 
that the residual silver salts are left at higher 
concentration, and therefore may be recovered 
more economically, such recovery being always 
carried out more easily when the substances 
are in concentrated solution. 

In 1894 A. Miethe, on the basis of the experi- 
mental results of Haddon and Grundy, recom- 
mended fixation in two successive baths, 
separated by a brief rinsing. Under these 
conditions the first bath may be used well 
beyond the normal limit possible when fixation 
is carried out by the single-bath method. In 
fact, this bath wUl not be discarded until the 
first phase of fixation, indicated by the dis- 
appearance of the milky layer of silver halides, 
occupies an abnormally long time. It is true 
a portion of the silver will remain in the form of 
the insoluble thiosulphate, but during the 
second stage of fixation carried out in a solution 
of hypo which is almost fresh, the complete 
solution of the silver salts will be effected. 
Negatives treated by this process will be fixed 
as wdl as if a fresh bath of hypo had been used 
from the start. 

Since the negatives reach the second bath 
almost completely fixed, there is little more to 
be done, and thus the practical limit of safety 
is not attained. When the first bath has to be 
abandoned, the second is made the first and is 
itself rephced by a new one. 

Negatives are tkken from the first bath when 
there appears to be no more silver bromide to 
dissolve; they are then placed in the second 
bath and allowed to remain for about the same 
time as in the first bath. 

497. ChcdoeoftiieBestConoentrationof Fixer. 
The amateur, having to develop only one or two 
negatives, and not wishing to keep the bath for 
subsequent use, will preferatdy use a fairly 


dilute bath, for example, 15 per cent hypo 
(150 g in I litre of water). 

The professional or commercial worker, work- 
ing almost continuously and using the two-bath 
method, will be well-advised to use much more 
concentrated solutions, which may be used until 
almost completely exhausted. 

If speed of fixation only be considered, it 
would appear best to use a 40 per cent solution 
(§ 495). hut other factors lead to the use of a less 
concentrated bath. 

For one thing, the sudden change of concen- 
tration on passing from a too-concentrated 
fixing solution to the washing water, especially 
if the water is comparatively warm, may cause 
frilling or reticulation with plates and films, 
or blisters with papers. For another, if white 
light falls on the sensitive coatings during fixa- 
tion, and if the concentration of the fixer be 
more than 30 per cent, there may occur in the 
film a slight insoluble residue which will not 
disappear, however long the negative or print 
be left in the fixing bath ; at concentrations 
above 50 per cent, this insoluble residue may 
form even in the dark (Welbome Piper). 

For these different reasons fixing baths are 
usually employed at concentrations between 
20 per cent and 30 per cent, i.e. 200 g to 300 g of 
sodium thiosulphate (hydrate) per litre of bath. 

498. Tests for Exhaust Fixer. When fixation 
is carried out by the single-bath method it is 
obviously only possible to calculate the area of 
sensitive material which has been fixed by a 
given volume of the bath. This calculation is. 
however, not likely to be of any value, unless data 
are available concerning the amount of silver in 
the emulsions used and the volume of the 
solution removed by the plates, etc., already 
fixed. 

It is sometimes considered that a fixing bath 
has reached its limit of safety when the time of 
fixation of a given emulsion becomes double 
that required with a fresh bath at the same 
temperature. As a matter of fact, this method 
of testing results in carrying the use of a fix- 
ing bath considerably beyond reasonable limits, 
and would be more suitable for deciding the 
exhaustion point of the first bath in the case 
of two-stage fixation. 

More accurate indication is obtained by em- 
plo3ing a method of direct control suggested 
by Gaedicke in 1906, and recommended by 
Lumi^re and Seyewetz as bemg satisfactory. 
A fixing bath ^ould be considered as exhaust^ 
(as a smgle bath or as the second bath in the 
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two-stage method) when a drop of it, placed on 
blotting or filter pap^, turns brown on exposure 
for some time to moist air and sunlight. 

Lastly, a more direct method (Bayer, 1921) 
is to withdraw 100 ml of the bath and to add to 
this quantity of solution 10 ml of a 4 per cent 
solution of potassium iodide ; the bath may be 
considered as exhausted, so far as the single- 
solution method is concerned, when a permanent 
yellow precipitate is formed. 

In an industrial installation, the silver content 
of the fixing baths is best determined colori- 
metrically by precipitating colloidal silver sul- 
pliide. The estimation is made using a photo- 
electric absorptiometer (W. J. Weyerts and 
K. C. D. Hickman, 1935). The estimation as 
silver selenide has been described by M. Abribat 

(1036). 

In a professional installation, the silver con- 
tent of the baths can be estimated approximately 
by dipping into the solutions test-papers coated 
with zinc or cadmium sulphide in gelatine. The 
brown tint obtained is compared with control 
papers that have been immersed in solutions of 
known silver content and then preserved, wet, 
in transparent sachets (H. Arens and H. Berger, 

1937)- 

The silver content of the fixing baths should 
not exceed 4 g per litre for negatives, and 1*5 g 
per litre for papers. When continuous electro- 
lytic regeneration of the fixer is applied the 
concentrations should be kept, respectively, to 
1-5 g and 0-5 g per litre. 

499. Preparation of Fixing Baths. Workers 
cannot be too strongly recommended to mix 
correctly the substances used in the preparation 
of fixing baths. These solutions are sufficiently 
stable to allow of being prepared beforehand in 
fairly laige quantities. In order to reduce the 
bulk due to large quantities of stock solution it 
is a simple matter to prepare the actual baths 
when needed for use from more concentrated 
solutions. 

We have seen (§ 495) that a very cold or trejy 
concentrate solution fixes very slowly, and al^ 
that a newly prepared solution of hyposulphite 
is veiy cold (§ 489) ; it is therefore not surpris- 
ing that a fis^ bath ^ptepoiied just before it is 
n^e by throwing haphazardly, and often 
liberally, some hanSuls of hyposulphite into a 
di^ of waiter, does not fix. If, weary with wait- 
ing for fixation to be complete, one throws the 
negative int6 a dish of water, fixation will be 
very rapid, but in the absence of excess of thio- 
sulidiate it will not be complete. 


The presence of particles of rust in the water 
used for preparing solutions (water distributed 
in iron pipes), or in the hypo (stored in ^eet- 
iron containers), may cause solution of the 
silver in the image at the points where these 
particles settle, the iron oxide being slowly con- 
verted into ferric bromide by contact with the 
bromide dissolved in a partly-used fixing bath. 
(W. F. A. Ermen, 1923). 

Neutral” Fixers. “Neutral” fixers, com- 
prising a plain 25 per cent solution of hydrated 
sodium thiosulphate (/)H about 9) are only 
infrequently used. 

Non-hardening Acid Fixers. A fixer rendered 
acid only by the addition of sodium bisulphite 
(/>H about 5 increasing to 6, on exposing the 
fixer to the atmosphere, as sulphur dioxide is 
given ofi) is very rapidly neutralized by the 
dkali carried over from the developer, especially 
when no rinse is given. Such a fixing bath should 
only be used after a stop bath, under which 
circumstances some sodium sulphite should be 
added to protect the hypo from the action of the 
acid carried over. 

Sodium thiosulphate (hydrated) . 250 g 
Sodium sulphite (anhydrous) . . lo g 

Sodium bisulphite . . . 25 g 

Water to make ... i litre 

Acid Hardening Fixer. The following fixer 
(H. D. Russell and J. I. Crabtree, 1933) has the 
advantage of retaining its hardening pioperties 
over a greater range of />H than other hardening 
fixers do. When fresh, the pR is nearly 4*5. 

The sodium thiosulphate is first di^lved 
in about 300 ml of water. The other ingredients, 
dissolved separately in small quantities of water, 
are added in the order given. 



Fixing 

Acidifying 


hath 

Solution 

Siodium thiosulphate, hydrated 

300 g 

— 

Sodium sulphite, anhydrous 

15 g 

30 g 

Acetic acid, glacial 

10 ml 

20 ml 

Boric acid, crystalline . ’ 

Potassium ^uminium sulphate 

7*5 g 

15 g 

(alum) 

15 g 

30 g 

Water to make . . . . 

I litre 1 litre 


The re-acidification of this fixing bath under 
the conditions described in § 503 below, is best 
carried out using the above solution. 

500. Fixation in Practice. Inasmuch as the 
ill effects of faulty working are not immediately 
evident, fixation and the washing processes 
whidh precede and follow it are not always 
carried out so carefully as is the case with 
development. 

It is essential t^ realize that no visible si^ 
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^ows that fixation is perfect ; a negative may be 
quite dear after fixing and dirying and yet may 
not be properly fixed; it may not have been 
allowed to remain long enough in the fixer, .or 
the fixing bath itself may have been exhausted. 
Images (negatives or positive prints) which arc 
required to be kept for a long time must be 
fixed in a manner which conforms minutely to 
the following directions; these directions are 
much less important in the case of images which 
have merely passing interest. 

501. The negatives, after bemg rinsed free 
of developer (§451). are placed in one of the 
fixing baths already prescribed, generally an 
acid fixing bath, or, in warm weather, in a 
fixing>hardening bath compounded with alum. 

A safelight should be used, at any rate when 
putting materials in the fixer ; in the case of 
neutral fixing solutions, negatives should be 
allowed to remain in the bath for at least three 
minutes before being exposed to white light; 
this period may. if necessary, be reduced to 
one minute in the case of add fixing baths. 

On account of the injurious action of the 
least trace of thiosulphate on certain developers, 
the various dishes employed must be so arranged 
that no splashes or drops of it can fall into the 
developer. The fingers should be rinsed in water 
after every time they have come into contact 
with hypo. 

It will be found best to arrange dishes in the 
order in which they are to be used, those con- 
taining fixing solutions being placed at a lower 
level than those in which development is carried 
out. No drops of hypo solution must be allowed 
to fall on the floor, etc. , for on drying, these 
would give rise to dust of a ver>' harmful nature 
towards negatives subsequently handled in the 
room. For the same reason those negatives 
which in course of treatment are found to 
be useless should be at least rinsed before being 
thrown away. 

Fixation ^ii^ generally slower than develop- 
ment. it is advisable, in the case of continuous 
working, to provide larger dishes or tanks for 
this purpose than for development. For ex- 
ample, when working with dishes, one would use 
for fixation those of a size capable of taking two 
or four of the n^atives under treatment. 

During fixation, negatives must be weU 
covmd oy the solution. 

After some minutes in the fixing bath, an 
examination of the back of the negative ^ows 
that the milky coating of the silver halides under 
the developed image is beginning to dissolve, 


the disappearance of the milkiness occurring 
as a rule more quickly under the denser parts 
of the image where least silver bromide 
remains. 

From the time when the last traces of milki- 
ness have disappeared the negatives are kept 
in the bath for a time equal to that already 
taken, or, preferably, when two-bath fixation 
(§496) is employed, they are transferred to 
the fresh bath and allowed to remain there for 
an equal time. When fixation is complete, 
negatives are washed. 

If fixation is effected by the single-bath 
method, the solution must be frequently renewed 
so as not to pass the safety limit. In case of 
doubt, any of the tests described earlier (§ 498) 
may be used. In a very acid bath (pW < 4-9) 
the total fixing time should Ik; at least four 
times as long as the clearing time (J. 1 . Crabtree, 
G. T. Eaton, and L. E. Muehler, 1943). 

502. Fixer for Materials rich in Silver Iodide. 
Emulsions which have been more or less com- 
pletely iodized (§§ 451 and 485) fix very 
slowly in a fresh fixer of normal composition. 
Fixing can be accelerated by adding ammonium 
chloride, or sulphate (or, for industrial use, potas- 
sium cyanide) to a solution of sodium thiosul- 
phate. 

On adding 4 per cent of thiourea (thiocar- 
bamide) to a 20 per cent solution of sodium 
thiosulphate, the fixing time of a silver iodide 
emulsion is reduced from about 35 minutes to 3 
minutes (J. Rzymkowski, 1926; The fixing bath 
should be sufficiently acid to avoid the formation 
of silver sulphide that would take place in the 
presence of alkali carried over from the develo- 
per. The fixer should be compounded as follows : 
58 g of crystallme borax are dissolved in 
about 800 ml of water. A few drops of an 
alcoholic solution of methyl red are added, then 
about 18*6 ml of glacial acetic acid until a 
bright yellow tint is obtained (pH = 6 4) ; 200 g 
of sodium thiosulphate (hydrated) and 40 e 
of thiourea are dissolved in turn in the acid 
solution. The volume is then made up to i 
litre. 

After being fixed in the thiourea bath, the 
material should be further treated in a plain, or 
slightly acid hypo solution, otherwise a dense 
white opalescence will be produced in the 
emulsion when it is washed. 

Silver iodide emulsions can also be fixed in a 
40 per cent hypo solution at 30X. As a result 
of the high hypo concentration, the gelatine is 
unharmed (Luppo-Cramer, 1925). 
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503. Regeneration of Fixing Baths. The 

following items will be discussed — (a) the main- 
tenance of constant acidity and (b) hardening 
power, (c) the electrolytic regeneration of fixing 
baths by removing the silver, the life of the 
bath then being limited by the concentration 
of soluble iodide that accumulates, (d) the 
elimination of soluble iodide, which is not much 
practised, but which leads to a more economical 
use of the hypo. 

(a) Maintaining the A cidity of a Non-hardening 
Fixer. The acidity is progressively reduced 
when develoj^r is carried into the bath by 
negatives that are not rinsed, or which are only 
briefly rinsed. On the other hand the acidity is 
increased when an acid stop-bath is used between 
the development and fixation. 

Sulphite is formed when the bisulphite in the 
fixer is neutralized by alkali, and the bisulphite 
can be regenerated by the cautious addition of 
dilute sulphuric acid. This operation should 
only be carried out by a chemist because an 
excess of sulphuric acid will cause the decomposi- 
tion of the thiosulphate. For this reason it is 
usually preferable to re-acidify the bath by 
adding sodium bisulphite in concentrated 
solution. Each time the /)H of the bath rises 
above 6-5, as shown by the change from yellow 
to blue of bromthymol blue indicator, a quantity 
of bisulphite should be added equal to half 
the quantity used when making up the fresh 
bath. The indicator solution can be prepared 
by dissolving 0-4 g of bromthymol blue in 
75 ml of a 0-05 per cent solution of sodium 
hydroxide and then diluting to i litre with 
distilled water. Other indicators, mentioned 
below, are prepared in the same way. 

The carry-over of a very acid stop-bath solu- 
tion into the fixer may result in the decomposi- 
tion of the sodium thiosulphate (hypo). Under 
these conditions it is necessary to prevent the 
from falling below 4*0 as shown by the 
change of the colour of bromphenol ,blue 
indicator from blue to yellow. This can be 
accomplished by adding sulphite and, if neces- 
sary, a small amount of sodium carbonate. 

When a chrome-alum stop-bath is used, it is 
especially necessary to ensure that the of 
the fixer is not greater than 6*5 because a 
value greater than this may cause the precipita- 
tion of chromium hydroxide on the emulsion. 

jf>) Maintaining th$ Acidity of a Hardening 
Fix^, Hardening fixers which contain alum, and 
which are stabilized with boric acid, retain their 
hardening properties over a wide range (4*5 to 


6*3) of ^H. They can, therefore, be used without 
re-acidification to fix a larger area of negative 
emulsion than ordinary fixers can. Such fixers 
take (per litre) as much as 100 ft of 35-mm film 
before requiring re-acidification, whereas a 
fixer emplo5dng only acetic acid needs re-acidi- 
fying after 12 ft of film. When no electrolytic 
recovery of silver is employed, a boric-acid 
fixer can be exhausted to the extent of two or 
three re-acidifications. The bath should be 
re-acidified when i ml of bromcresol purple 
indicator added to 10 ml of the bath shows a 
reddish colour (/>H = 5*6). It shows a yellow 
colour in the fresh fixing solution. 

At each re- acidification, about 7-5 ml of 
acetic acid per litre are added, after the acid has 
been diluted with about 70 ml of water. The 
fixing-bath is vigorously stirred while the diluted 
acid is added. 

(c) Electrolytic Regeneration of Fixing Baths. 
Several of the chemical processes for the 
recovery of the silver from used fixing baths can 
be used to regenerate the bath providing that 
the quantity of reagent used is insufficient to 
precipitate all the silver. These processes 
have been replaced, in industry, by the electro- 
lytic deposition of the silver from the fixing bath 
in current use, the silver content of the bath 
always being maintained at a very low level, 
and the bath is only rejected when the increased 
concentration of iodide makes the fixing rate 
become slow. It has been suggested (P. Strai^, 
1925) that the poisoning effect of the iodide 
could be offset, under these conditions, by add- 
ing a small quantity of sodium cyanide to the 
bath. 

The electrolytic regeneration of fixing-baths, 
suggested by W. M. Schultz (1928) and by F. E. 
Garbutt and T. M. Ingman (1929) has been 
very thoroughly studied by K. C. D. Hickman 
and W. J. Weyerts (1931). 

In the electrolytic separation of the metal 
from the aqueous solution of a simple salt, the 
metal ion travels towards the cathode (the 
negative electrode) where it is discharged smd 
becomes an atom of the metal. The acid ion 
(anion) travels to the anode which it attacks, or 
it liberates oxygen by reacting with water. In 
the electrolysis of the complex salt, sodium 
argentotluosulphate, sodium ions migrate to 
the cathode and argentothiosulphate ions move 
towards the anode. The sodium atoms form^ 
at the cathode react with neighbouring ions in 
solutions^ indudiag the argentothiosulphate 
ions. If there are sufficient argentothiosulphate 
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i<ms, the sodium atoms react with these, liberat- 
ing silver. In the absence of these ions the 
sodium reacts with the thiosulphate (h3rpo) 
ions giving, among other things, sulphide ions 
which, in turn, react with argentothiosulphate 
ions to form silver sulphide, discolouring the 
solution. 

Thus it will be seen that the metallic silver is 
produced by a secondary reaction on ions whidi 
are tending to move away from the electrode 
on which the metal is deposited. In order to 
ensure a sufficient concentration of argento- 
thiosulphate ions at the cathode it is necessary 
either to stir the solution very vigorously so that 
high current densities may be u^, or to limit 
the current density to a few milli^peres per 
square decimetre (H. G. Doffin, 1935). The 
second course would occasion the use of a very 
large electrode surface in order to achieve an 
industrially practicable rate of recovery. 

In order to recover i g of silver, without any 
loss of current, it would be necessary to use 0*33 
anmre-hours. 

The anodes employed are always of graphite, 
and while the cathodes may be also of graphite, 
stainless steel is usually preferred. 

The electrol3rtic deposition of silver, without 
the formation of sulphite, is practicable only in 
an add bath. The maximum current density 
that can be used, while obtaining a smooth, 
shiny deposit, increases, within certain limits, 
with the degree of agitation, the temperature, 
the silver content, the addity, and the sulphite 
concentration. It decreases as the bromide ion 
concoitration is increased. 

With a degree of agitation sufficient to produce 
a sdtttion velodty of 30 centimetres per second 
relative to the eli^rodes, a current density of 
0*15 ampere per square decimetre of cathode 
may be used in a bath containing i g of silver 
per litre. The current density can be increased 
to 0*5 ampere per square decimetre if the solu- 
tion velodty relative to the electrodes reaches 
75 centimetres per second or, without increasing 
the agitation, to 0*9 ampere per square deci- 
metre if the s^ver concentration is 6 g per litre. 

At low current densities the silver deposit is 
white. On raising the current density, the 
deposit becomes cream, then yellow, and finally 
dark brown with the formation of a silver sul- 
phide sludge. If this stage is reached, it is 
necessary to empty and thoroughly dean the 

Whmi the silver deposit reaches a thicknem of 
0*5 tmOiinetre it often acquires a coarse crystal- 


line structure. The immobilization of the 
solution in the crevices makes it necess^ to 
reduce the current density in order to avoid the 
formation of silver sulphide. The presence of 
gelatine and its degradation products in the 
used fixers favours the formation of a brilliant 
deposit. However, in the usual concentration, 
it has an adverse effect on the process, in that the 
gelatine is attracted towards the cathodes where 
it is to some extent deposited with the silver, 
forming a layer of high viscosity around the 
electrode and thus hindering the access of 
argentothiosulphate ions to the cathode. This 
difficulty can be overcome by the addition of 
thiourea. 

Because the perfect clarity of the bath is 
necessary, as well as agitation, it is necessary 
to filter it before, as well as during, the electro- 
lysis, otherwise the suspended particles may 
lead to pitting of the silver deposit with the 
consequent formation of silver sulphide. 

When continuously regenerating the fixing 
bath, it is necessary^ to reject part from time to 
time, replacing it with suitably compounded, 
fresh solution. An industrial installation should 
thus include cells in which the silver content 
of the circulating bath is kept between 0*5 and 
1*0 g per litre and at least one “tailing" cell 
in which the silver is entirely removed, the 
contents of the cell being then rejected. 

The good operation of such an installation 
consists in the close control over the current 
density, though means have been suggested by 
K. C. D. Hickman for automatically estimating 
the silver content and adjusting the current 
density. 

(d) The EliminaHon and Recovery of the Iodide 
from Fixers, The fact that the life of a regene- 
rated fixing bath is limited by the accumulation 
of iodide, and the comparatively high price of 
iodine, make the recovery of the iodide a 
practical proposition at least in an industrial 
establishment (K. Kieser, 1934-7). A 5 per 
cent (saturated) solution of thsdlous sulphate 
[poisonous) is added to the bath. The .first 
additions precipitate yellow-orange thallous 
iodide which soon settled to the bottom of the 
vessel. The additions are continued until light- 
yj^ow thallous bromide is predominantly formed. 
The thallous bromide is converted to the iodide 
by adding it to the next batdi of fixer to be 
treated before making additions of thallous 
sulphate. On an average, the sodium iodide 
content of an exhausted fixer is about 0*4 g per 
litre. 
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After washing it with water, the thallous 
iodide is reconverted to thallous sulphate by 
wanning with concentrated sulphuric acid to 
liberate the iodine^ 

504. Recovery of Silver from Exhausted 
Fixing Solutions without Regenerating the 
Bath. On the average, about three-quarters of 
the silver contained in sensitive materials pass 
into the fixing baths. Negatives contain a^ut 
10 g and papers about 2 g of pure silver per 
square metre. A litre of exhausted fixer usually 
contains 4 to 5 g of silver, or from 10 to 12 g of 
silver when it is the first of two successive 
fixing baths. Assuming that the necessarily 
imperfect process of recovery in a small works 
only permits of a yield of 75 per cent of these 
quantities, one can estimate the value of this 
recovery, allowing for the cost of precipitation 
(never very high) and for the cost of extracting 
the silver by the smelters. 

The silver in fixing baths is generally precipi- 
tated in the form of sulphide. Under these 
conditions, and provided that the silver is not 
completely precipitated, fixing baths may be 
used again, at least once, though not indefinitely, 
because the accumulation of soluble bromides 
and particularly of iodides in the solution con- 
siderably retards fixation in solutions so 
regenerated. 

The silver may also be recovered in the metal- 
lic state by precipitation on plates or scraps of 
zinc, iron, or copper. In this case the silver is 
contaminated with various impurities and needs 
to be refined. 

To the residues thus collected are added the 
ashes of clippings from prints and films stripped 
from waste negatives. 

505. When the silver is precipitated as 
sulphide, the exhausted baths must be stored 
and treated in a yard or shed which is far enough 
from darkrooms, store-rooms, etc., to avoid any 
risk of sulphuretted hydrogen coming in contact 
with sensitive materiaJ. 

The used fixing baths are thrown into a barrel 
having wooden hoops and with the top re- 
moved. This barrel should be mounted on 
bricks; it must be provided at about a quarter 
of the way from the bottom with a wooden 
outlet or tap, so that the greater part of the 
liquid may be run off, and at the bottom with 
a bu^-hole, from wUch the sludge of silver 
8ul|duae inay be periodically run ofi. Old 
dewoping solutions may also be poured into 
the same vessel, since they contain a little silver. 
These solutions will reduce a small quantity of 


the silver in the fixing solutions to the metallic 
state, and they will also tend to neutralize the 
residual acidity of the fixing baths. When the 
barrel is about three-quarters full, about 45 g of 
sodium sulphide is added for every gallon of 
liquid to be treated (10 g of the sulphide for 
every litre of liquid). This sulphide should be 
previously dissolved in a little boiling water. 
The mixture is stirred with a stick and left to 
settle. The next day a little of the clear superna- 
tant liquid is taken in a test-tube (if the liquid 
is turbid it must be filtered) and a few drops of a 
solution of sodium sulphide are added; if no 
black precipitate forms, the silver has been 
completely precipitated ; if, on the contrary, a 
black precipitate forms, add to the liquid in the 
barrel about half as much of the sodium sulphide 
as before and repeat this process if necessary 
until all the silver has been precipitated. After 
a final settling, the liquid is run off by the tap 
through a filter-bag of close felt placed so as 
to trap any silver sulphide which might be 
lost. 

After the cask has been emptied in this way 
several times, as successive lots of fixing bath 
are treated, the black sludge is run off through 
the lower bung-hole and is collected in a tray. 
After drying, this mud is stored in a box until a 
sufficient quantity has been collected for sending 
to the smelter. 

Pure dry silver sulphide contains 87 per cent 
of its weight of fine silver. On account of 
numerous impurities which accompany it, silver 
sulphide obtained in the manner described works 
out at about 60 per cent if it is precipitated from 
baths free from alum, and at about 40 per cent 
when it is contaminated with alumina or 
chromium hydroxide resulting from the inter- 
action of sulphide with alums. 

506. To recover the silver from old fixing 
solutions by another method, a barrel of 5 to 
10 gallons capacity, aifd equipped as in the 
previous case, may be used. Before starting the 
recovery process, the liquid must be neutralized, 
by means of sodium hydroxide (caustic soda) 
or milk of lime (lime fust wetted with a little 
water and then left to slake) if it reddens blue 
litmus paper, or with sulphuric add if it turns 
red litmus blue ; at the neutral point practics^y 
no change of colour takes place with either kind 
of paper. Then the liquid is addified by adding 
100 ml of ordinary sulphuric add (66’’ Baum^). 
After stirring, a&>ut i kg of gmulated or 
scrap zinc for every gallon of liquid (200 g fer 
litre) are thrown into the barrel; this quantity 
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canaes rapid prediMtation (in about 24 hours, if 
tut mixtine is stirred from time to time) of 
silver (partially in the form of sulphide), which 
forms a black deposit on the zinc and in the 
bottom of the barrel. 

An appreciable economy of zinc may be 
effected by enclosing the latter in a bag of coarse 
cloth suspended in the liquid. 

On the next day, in order to find whether or 
not the liquid still contains any dissolved silver, 
proceed as follows. In a test-tube take a little 
of the clear, reddish, supernatant liquid, acidify 
with a few drops of sulphuric acid, ^ake (make 
sure that the liquid reddens blue litmus paper), 
and add about one-fifth of its volume of a lo per 
cent solution of sodium sulphide ; if no black 
precipitate forms, the silver is completely 
precipitated (a black precipitate obtained with- 
out the liquid being acidified has no significance) ; 


if silver still is present, keep the zinc in contact 
with the liquid for another day. As soon as all 
the silver is deposited, decant the liquid by the 
side opening. 

One charge of zinc suffices for seven or eight 
such recovery processes without any appreciable 
slowing of the action. When the precipitation 
needs from two to three days, it may be acceler- 
ated by adding about 85 g of zinc per gaUon of 
liquid (20 g per litre). Under these conditions, 
I g of zinc allows of the recovery of about 
I g of silver. 

From time to time the black deposit is col- 
lected and dried. 

These various operations should be carried out 
in a well-ventilated place, as far as is convenient 
from darkrooms and any sensitive materials. As 
well as zinc, copper turnings, and iron, in the form 
of steel wool, can be used to recover the silver. 
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507. The Function of Washing. Photographic 
materials are washed to remove all the soluble 
salts formed during fixation, also the constitu- 
ents of the fixing bath which may be absorbed 
in the emulsion layer or adhering superficially 
to the prints or negatives. 

According to circumstances, it may be neces- 
sary to carry out the washing either in the 
minimum time or with the minimum quantity 
of water. 

If fixation is complete, so that the emulsion 
contains nothing but the silver of the image and 
soluble salts, then the salts are readily washed 
out, provided the washing is systematic. If 
fi.xation is incomplete, the remaining insoluble 
salts cannot bo eliminated, no matter how long 
the washing is continued. It is probably with a 
view to establishing a mean between these two 
experimental facts that photographers generally 
state the " hypo is strongly retained by gelatine." 
This is true of the insoluble thiosulphates which 
result from bad fixation, but it is not so for the 
soluble salts, which are the only ones remaining 
after complete fixation. 

This chapter will deal witli the following 
subjects: (a) The mechanism of washing in 
changes of water and in running water, and it 
will be shown that washing in running water 
in the manner generally employed is a means of 
consuming the greatest amount of water with 
the smallest effect. (6) The conditions which 
must be fulfilled in order to wash negatives or 
prints in the most rational manner, (c) The 
use of hypo-eliminators, from which it will be 
seen that there is only one perfect eliminator 
applicable to all cases, viz. plain water. 

It may be useful to re-state here an evident 
truth : an object cannot be cleaner, after washing 
and drying, than the water used for washing it. 

508. The Mechanisin of Washing in Sewol 
Changes of Water. Thorough investigations of 
washing in successive baths were made by 
A. V. Elsden and A. W. Warwick (1919). The 
methods followed by these two experimenters 
were almost identical. Plates or films, developed 
or undevelraed, were fixed in baths of known 
strength, 'niey were then successively placed 
into accurately measured quantities of water for 
known period of time. The quantities of 


thiosulphate and soluble silver in each of these 
washing waters were determined. Finally, after 
completing the washings, the amount of thio- 
sulphate remaining in the film was also deter- 
mined. 

These experiments, and many others (Haddon 
and Grundy, 1893-96 ; Gaedicke, 1897 ; Lumidre 
and Seyewetz, 1902), established the fact that, 
the elimination of soluble thiosulphates by 
washing with water is easily carried out ; this is 
in accordance with the general law of the 
diffusion of ions through permeable membranes. 
It is necessary to wash photographic materials 
on a paper base for a considerably greater time 
than those on a glass or celluloid base, as the 
paper tends to retain the thiosulphates. The 
thiosulphates are automatically expelled from 
the gelatine providing their concentration in the 
gelatine is not equal to the concentration in the 
liquid in which the material is washed. If a film 
of gelatine, impregnated with fixing solution of 
normal concentration, is placed in pure water 
at a temperature of about 6o®F, the “osmotic 
pressure" of the thiosulphate, that is to say the 
pressure which the salt exerts in leaving the 
gelatine, is considerably greater than 5 lb per 
square inch. 

As soon as a negative, impregnated with any 
salt which does not react with gelatine (as does 
alum, for example), is placed in pure water, the 
salt in the solution adhering superficially to the 
negative becomes distributed in the water, and 
the salt absorbed in the gelatine diffuses out, 
at first very quickly and then more and more 
slowly, until finally the concentrations in the 
gelatine and the water are equal. 

If the negative has been placed at the bottom 
of a dish or tank full of still water, the salt 
solution which diffuses out of the negative, and 
which is denser than the water, accumulates 
above the plate; this solution soon becomes 
equal in concentration to the solution which 
impregnates the gelatine. The movement of 
salt is then arrested, since the uniform diffusion 
of the salt throughout the liquid in the tank 
takes a very considerable time. If, however, 
the water is stirred mechanically, or if the nega- 
tive is placed so that the salt solution esm leave 
it and be replaced by pure water, the diffusion 


yit 
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proceeds much farther, each separate washing 
having a much greater effect. This is ttie case 
if the negative is supported emulsion downwards 
in the upper part of the tank, or is placed 
vertically in the tank with a sufficient depth of 
water below it to allow for the accumulation of 
the denser solution. 

When a 13 x i8 cm (7x5 in.) plate is 
removed from a fixing solution it tsikes with it 
about 5 ml of solution (the total liquid adhering 
superficially to the plate and impregnating the 
emulsion). If the ^ing bath contains 20 per 
cent of hypo the plate will have removed i g 
of it from the bath. If now the plate be placed 
in a dish containing 95 ml of water, the total 
volume of liquid will be 100 ml. By rocking the 
dish, equilibrium will be attained between the 
internal and external concentrations of hypo, 
which will become i per cent, that is to say, a 
concentration of one-twentieth the initial con- 
centration. By repeating this process, the 
concentration becomes one-twentieth the pre- 
vious concentration, and so on — 

KumlMr of washiofi <13 4 S 

CoBMBtntlM% I 0<<i3 o*oo«s o-nooiti e-000006 

It can be assumed (K. Hickman and D. A. 
Spencer, 1922) that a residual amount of hy])o 
equal to 0*0016 g per square decimetre has 
no adverse influence on the permanence of silver 
images. By taking a quantity ten times as small 
(to ensure absolute safety), viz. o-oooi6g per 
square decimetre, or 0*00036 g for a 13 x 18 cm 
plate, it will be seen that if this quantity is 
regarded as being distributed in 3 ml, which is 
approximately the volume of water absorbed 
by the emulsion, the washing may be considered 
effective as soon as the concentration in the 
washing water has been reduced to 0*00036 x 
100/3, or about o*oi per cent. This stage will be 
reached after a very small number of separate 
washings, provided each one is carried out to 
completion in a sufficient volume of water. 

Equilibrium between the concentrations in- 
ride and outride the gelatine is generally reached 
after 5 minutes’ rocking of the dish, but 99 per 
ooit of the amount, which will diffuse from the 
griatine has usually come out in about 2 minutes. 
It is thus seen that, for rapid wariiing, each 
separate washing need not be longer than 2 
n^utes provided sufficient agitation is used. 

' As a general riile, when washing, it is not 
essential to rock the dish or to wait until 
equilibrium has been reached : it is only when 
the amount of water available is restricted that 
these conriderations become important, and 


then special methods are employed (§ 512). In 
general, then, each washing wi&draws o^y a 
fraction of the amount of hypo which could be 
removed if equilibrium were attained, and this 
fraction, which varies according to the mode of 
working, is to some extent a measure of the 
effectiveness of the washing. It was shown 
that washing is more effective if the negatives 
are held vertically than if they are placed 
emulsion upwards at the bottom of the tank; 
the efficiency can be still further increased if the 
surface liquid is allowed to drain from the nega- 
tives before transferring them to the clean bath. 

Most experimenters agree that there is nothing 
to be gained by prolonging the duration of each 
washing beyond 5 minutes, and that if 15 ml of 
water per square inch of emulsion is used, 5 or 
6 washings are quite sufficient to ensure that 
the permanence of negatives on film or glass 
supports will be as great as the efficiency of the 
fixation permits. 

509. Tlie Mechanism of Washing in Running 
Water. Washing tanks are frequently so badly 
adapted to the object in view that the water 
flows directly from the tap to the sink without 
flowing through the tank, and therefore does not 
remove more than an extremely small propor- 
tion of the hypo which it should remove. The 
effectiveness of washing depends neither on the 
amount of water used nor on the time during 
which the water flows, but on the volume of 
water which comes into effective contact with 
the plate and on the rapidity with which the 
water charged with hypo is replaced by fresh 
water. Unless a scientifically constructed ap- 
paratus which permits the frequent renewal of 
the water in contact with the negatives is em- 
ployed, running-water washing is slower than 
washing in separate changes of water, its only 
advantage being an economy in labour. 

The popoitional reduction in concentration 
of the liquid in the emulsion, in a fixed period of 
time, will always be in the same ratio providing 
the washing conditions remain constant. The 
magnitude of this ratio, which is to some extent 
a measure of the effectiveness of a washing 
apparatus varies from one apparatus to another. 

The best method of washing a single plate in 
running water is to allow water to flow directly 
across the plate (this method is not applicable 
to papers or films) ; the elimination of hypo is 
then about twice as fast as it is when the 
plate is placed in a washing tank through which 
water passes much more violently. 

The worst conditions are obtained by uring a 
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large dish, or a tank without an outlet at the 
bottom, and a thin stream of water. Then, 
owing to the presence of eddies in the water, 
the speed of washing varies considerably from 
one part to another. 

Experience shows that in the case of a tank, 
with vertical grooves for the plates and fed by a 
constant stream of water which is removed by 
a siphon, the elimination of hypo is more rapid 
when the tank is fully loaded with plates; it 
would seem that when there are no plates in the 
lank the incoming water dilutes the salt solu- 
tion instead of displacing it. 

The very accurate work of Hickman and 
Spencer (1922-25), to whose work we are in- 
debted for much of the data in this paragraph, 
has shown that washing in running water may 
be considered as taking place in two stages : the 
total replacement of the water in the tank, and 
the attainment of equilibrium between the liquid 
in the emulsion and the water in the tank. The 
time necessary for equilibrium varies, according 
to the type of plate or film used, from 5 to 10 
minutes: obviously no time can be set down 
for the complete renewal of the water in the 
tank, but it often requires more than an hour. 
It is easy to determine experimentally the 
time required for this phase of washing, by the 
following method. 

Place in the dish or tank (in the case of a 
vertical tank, the place normally occupied by 
plates to be washed should be filled with plain 
glass) about 2 ml of a 2 per cent solution of 
safranine, or of a saturated solution of per- 
manganate (permanganate solution should be 
employed only in tanks constructed of glass,, 
earthenware, or slate ; safranine only should be 
used with tanks of wood or metal) for each 
square inch of surface to be w^ished (25 ml for 
^ 4 l X 3jin. plate). The time is noted, under 
normal conditions of washing, for the water in 
the tank to become completely decolorized. 
The end-point can be judged by comparing 
water from the tank and pure water, using twd 
identical glass vessels against a white ground for 
the purpose. 

for example, it is usual to use six 4I 
X 3 iui. plates, then about 150 ml of the colours 
solution would be required. If an interval of 
35 minutes is necessary for complete decoloriza- 
tion of the solution, then for normal washing 
with the same water supply the time should be 
35 minutes plus the 10 minutes necessa^ for 
obtaining equilibrium between the solution in 
the g^tine and that in the tuxik ; the washing 
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time, therefore, under the conditions of the test, 
will be 45 minutes. 

Since the gelatine backing of films holds as 
much hypo as the emulsion, their area must be 
doubled in order to calculate the amount of 
coloured liquid required for the test. The 
back of a film should be washed as carefully as 
the front ; the spots of silver sulphide, arising 
from the decomposition of the silver hyposul- 
phite absorbed in the fixing bath, arc liable to 
occur also on the back. 

510. Apparatus for Washing. The washing 
of a small number of plates is frequently 
carried out in dishes, but for continuous work 
vertical tanks (tanks with grooves, or tanks, 
without grooves, into which the plates are placed 
in developing racks) are generally preferred. 
To ensure efficient washing it is essential that 
the tank be effectively traversed by the current 
of water. For this, two arrangements are used 
concurrently ; water can be led in at the bottom 
of the tank and out over the top or through an 
overflow pipe, or it can flow directly from the 
tap into the tank and then out through a tube 
wffich communicates with the bottom of the 
tank and empties at a level slightly lower than 
the rim of the tank. The type of tank commonly 
used by amateurs, viz. one with an outlet only 
in the bottom, can easily be converted by fitting 
to the tap a rubber tube which is tied to the 
tank by string ; or by soldering to the interior 
of the outlet a lead tube bent into the form of 
a swan's neck. 

Various washing devices are available in 
which the water is kept in turbulent movement 
either by entering through obliquely-set nozzles, 
or by the plates or films being mounted on a 
drum which is kept rotating by a very simple 
water motor (paddle-wheel or simple turbine). 

As it has long been realized that washing in 
running water is slower than washing in changes 
of water, many inventors have attempted to 
construct an automatic apparatus for changing 
the water so that the handling, which is the only 
objection to this method of washing, may be 
eliminated. These machines are usually either 
tanks operated by a large emptying siphon, 
which is self-priming directly the tank is full, 
as with the tantalus cup, or ordinary tanks fed 
intermittently from a flush tank, or tanks with 
automatic flushing controlled by the outlet 
plug, or finally, for small sizes of plates, dishes 
whkh empty by tilting when fiffi, and then 
immediately return to the filling position und^ 
the tap. 



314 


PHOTOGRAPHY: THEORY AND PRACTICE 


For economy in water, several washing tanks 
are sometimes arranged in cascade form ; it is 
then necessary to place the plates to be washed 
in the lowest tank hrst and then to transfer 
them successively from tank to tank, so that the 
final washing takes place in the upper tank 
containing pure water. Unless this counter- 
current movement of the plates is adhered to, 
plates in the lowest tank will not be in contact 
with water of a sufficient purity and hence w'ill 
not be completely washed until after the wash- 
ing of all the other plates in the tanks higher up 
in the series 

To ensure that the washing is done under the 
best possible conditions, the tanks should be 
smooth inside and should not be larger than 
necessary ; a plate can be washed more quickly 
in a smadl than in a large tank. 

51 1. Control of Wiping. Since the com- 
pletion of the washing process is not accom- 
panied by any indication that all the salts have 
been eliminated, various methods have been 
suggested for ascertaining when washing is 
complete. 

It is possible, for example, to discover that 
the water which drips from a plate or print does 
not contain enough hypo to detected by the 
usual methods, i.e. does not decolorize a starch 
solution which has been made blue with a trace 
of iodine, or a solution of permanganate, both 
solutions having been made ofa suitable strength. 

Dissolve 1 g of potassium permanganate and 
1 to 2 g of sodium carbonate in i litre of water. 
This solution has an intense violet colour. 
Collect the drainings from several plates or 
prints in one glass vessel, and an equal quantity 
of the water used for washing (taken straight 
from the tap) in another. Add to each one drop 
of the above permanganate solution. If the 
colour persists in the drainings for as long as 
it does in the fresh water, the washing may be 
considered to be complete. 

Should the single drop of permanganate be 
instantly decolorized by the water used in the 
blank test (owing to the presence of organic 
matter), further drops should be added until 
a permanent pink colour has been obtained. 
The same number of drops should be added to 
the drainings. 

A much more sensitive reaction, in which the 
traces of thiosulphate catalyze the discolora- 
tion by sodium nitride (NaN,) of the iodine 
cdoured by starch, has bc^n described by £. £. 
Jelley and W. Clark (1929), but its application 
18 more delicate. 


Finally, attention should be drawn to a check 
method invaluable in experimental wo:k, but 
the practical use of which is restricted as it 
involves the loss of the images tested and is 
therefore suitable only for cinematographic 
films of which it is always possible to cut off 
a strip of a few inches. Pour into a test-tube 
10 ml of a solution containing 25 g mercuric 
chloride and 25 g of potassium bromide per 
litre. Then put in 10-15 sq cm of image (film, 
or layer of emulsion scraped off a plate). The 
liquid becomes opalescent when thiosulphate 
is present ; the concentration can be ascertained 
by comparison with samples prepared with 
known quantities of thiosulphate (J . I. Crabtree 
and F. E. Ross, 1930). 

In conunercial establishments the control of 
washing may be effected by comparing the elec- 
trical conductivities of the feed and waste 
waters of the tanks (K. C. D. Hickman. 1923). 

These tests are very good in their way, but it 
is essential that their exact significance be 
understood. The fact of finding no hyposulphite 
in the drippings certainly indicates that the 
soluble hyposulphites have been removed and 
that, as a consequence, the washing is complete. 
But it gives no information as to the complete- 
ness of the fixation, and hence of the perman- 
ence of the image, the test giving no indication 
of insoluble complex thiosulphate of silver and 
sodium which may be in the film. This control 
of fixation may be made, after washing, by 
placing on the clear part of a plate or print a 
drop of a 10 per cent solution of sodium sulphide. 
If Nation is not complete, a brown spot, more 
or less dark, will appear. As a spot of this 
sort is indelible, it is obvious that the test is 
applicable only to waste plates or papers, 
.unless the material is deliberately sacrificed for 
the purpose of the test. 

512. Washing in Practice. As far as the 
amateur photographer is concerned, the choice 
between washing in running water and washing 
in changes of water will be settled by personal 
convenience ; for the professional, or on the 
industrial scale, the choice will depend on the 
relative costs of water and manual labour. 

It must be remembered that washing in run- 
ning water is less effective when it is carried out 
in baths of large size, and that the hypo should 
be removed from the tank directly it diffuses 
out of the emulsion. It may be said that on the 
average the first seven minutes are taken up with 
washing the plates and the rest of the time with 
washing the tank (Hickman, 1925) . 1 1 is therefore 
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necessary to use tanks of suitable size and design 
so that the washing of the tank is almost as 
rapid as that of the negatives. 

In a case of extreme urgency, water may be 
allowed to flow directly over the plate to be 
washed, or three successive washings each of 
2 minutes may be given, but plenty of water 
must be used and the dish must be rocked con- 
tinuously for the whole period ; the interrupted 
washing should be subsequently completed. 

In ordinary work, when washing in changes 
of water, five or six washings of about 5 minutes 
each in plenty of water are given. With running 
water, at least an hour should be allowed when 
using a tank which is effectively flushed with a 
rapid current of water; or, better, the time 
required for complete washing should be deter- 
mined for the particular tank with a given 
consumption of water (§511). 

When the supply of water is very limited, the 
best results are obtained by employing for each 
washing only just enough water to cover the 
plates, draining the plates between each washing 
and increasing slightly the number of washings. 
For washing in running water the capillary flow 
method (L. Lumiere, 1922) may be u.sed. The 
complete washing of a plate 4J x 3i in. may 
thus be done in 12 to 15 minutes with only about 
30 ml of water. For this purpose, the slow 
and regular capillary flow of water in an almost 
vertical ribbon of cotton twill is used. The water 
is fed from above by a tank, from which, so to 
speak, it is siphoned ; the plate is placed on the 
twill, which has been previously wetted, care 
being taken to avoid air bells. The flow of 
water may be regulated by the height of the fall 
measured from the level of the water in the 
reservoir to the free end of the ribbon. 

Plates and prints can be washed in sea-water, 
except that at least two washes in soft water 
are necessary to remove the salts of the sea- 
water, and particularly the deliquescent magne- 
sium chloride. The use of distilled water or- of 
slightly acid water does not result in the com-* 
plete elimination of hypo owing to the impos- 
sibility of converting the “gelatine thiosulphate “ 
formed during fixation in the acid fixing bath, 
into “calcium gelatinate." 

When a plate is taken from the fixing bath 
and placed in the washing-tank, the concen- 
trated flTfiing salt diffuses out from the emulsion 
and is partly absorbed by any other negatives 
in the tank which may have been partially 
washed. Therefore whenever plates are intro- 
duced one after the other into a bath to be 


washed together, the time of washing or the 
number of changes of water must be counted 
from the insertion of the last negative. 

In the case of films or prints left to them- 
selves in a dish or tank, washing in running 
water is liable to be ineffective if the surfaces 
to be washed cover each other and thus afford 
mutual protection against free contact with the 
current of water. Washing in several changes 
of water is therefore the only possible way, but 
the films or prints must not settle in a stationary 
heap at the bottom of the dish but must be 
kept moving. This can be done by making two 
piles ill the dish and transferring the prints or 
films one by one from one heap to the other: 
also by transferring them singly from one tank to 
another. 

Contradictory opinions have been expressed 
On many occasions regarding various circum- 
stances which are capable of affecting the speed 
of washing. It has been stated, for example, 
that the washing of plates which have been 
fixed in an acid bath is slower than the washing 
of plates fixed in a neutral bath, when, on the 
contrary, the swelling of the gelatine in a neutral 
bath prolongs washing considerably. It is often 
stated that washing is accelerated by increasing 
the temperature of the water but many experi- 
ments show that the speed of washing is inde- 
pendent of the temperature of the bath imore 
rapid diffusion is compensated by the swelling 
of the gelatine in the wanner water). It has also 
been stated that washing is retarded by the use 
of alum in the fixing-bath but experiments have 
shown that alum added to the fixing bath docs 
not retard the changes in the interior of the 
emulsion unless in the interval the emulsion has 
been dried (Eastman Kodak Laboratories, 1921). 
If the alum treatment were carried out in a 
neutral solution as a separate ojieration, the 
result would be the same. ^ 

If, in certain circumstances, it is necessary to 
keep a plate in water for an unusually long time, 
it is advisable to add (to the water) a little 
sodium bisulphite (about 5 per cent) to stop the 
gelatine swelling excessively and thus becoming 
very tender. An emulsion, which has not been 
hardened with alum, if kept for a long time in 
polluted water is liable to be attacked by 
bacteria, which will cause liquefaction of the 
gelatine in patches. For this reason plates 
should never be left in water overnight. 

When the only water available for washing 
contains a large quantity of chalk, which tends 
to form a sup^cial fog on drying, it is advisable, 
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to ensure that the negatives shall have a per* 
fectly clear surface, to follow the washing with 
a few minutes* immersion in a i per cent solution 
of hydrochloric or acetic add. This precaution 
is p^icularly to be recommended for the very 
small negatives intended for large scale enlarge- 
ment. In this case lime deposits, even impercep- 
tible to the naked eye, increase graininess of the 
enlarged image. It is also advisable for ail 
negatives when alcohol is used for rapid drying, 
since it avoids the formation of an opaque white 
fog, which would appear chiefly on those por- 
tions of the plate which had dried most rapidly 
(L. P. Clerc, 1917). 

It is as well always to complete the washing 
of plates under a spray of perfectly filtered 
water, to free them from foreign bodies which 
may adhere to the gelatine during drying. 

It is sometimes recommend^ that film 
negatives should be rinsed in water containing 
a little glycerine in order to give a greater 
suppleness to the dry film. But all photographic 
images which have been treated with glycerine 
remain permanently damp, and atmospheric 
action on the silver is thus facilitated; many 
cases have been cited of slow changes in images 
thus treated. 

. 5x3. Hypo Eliminators. The idea of attempt- 
ing to destroy hypo instead of eliminating it is 
almost as old as photography. This idea is 
unfortunately opposed to common sense, and 
to a sufficiently large number of experimental 
facts. To begin wi^, a chemical action never 
‘* destroys '* ; it can only transform ; and those 
who have commended such practice have usually 
not tried to discover whether the products d 
this transformation are any less liable to 
damage the image than is the hypo from which 
they have been obtained. On the other hand, 
the substance which actively alters images is 
not so much the sodium tluosulphate as the 
insoluble complex thiosulphate of silver and 
sodium. It is therefore necessary tofind out the 
form in which this salt of silver exists after the 
action of the eliminator. 

All the substances whidi have been recom- 
mended as hypo eliminators are oxidi^rs; we 
maiy mention sodium hypochlorite (F. W. Hart, 
18^), hydrogen peroxide (A. Smith, 1866), 
iodine (H. Vogel, 1872), potassium perkilphate 


(Schering, 18^), sodium hypoiodite (P. Merder, 
1897), potassium percarbonate (G. Meyer, 1901), 
alkaUne ammonium persulphate (Lumi^re and 
Seyewetz, 1902), alkaline perborates (G. F. 
Jaubert, 1903), and the sodium compound of 
p-toluene-chloro-amide-sulfonate (E. F. Shel- 
berg, 1922), which, in aqueous solution, slowly 
decomposes to give hypochlorite. 

As early as 1889. Traill Taylor stated that ** if 
one wishes to take all the precautions which are 
necessary in order to apply the would-be hy^ 
eliminators without danger to the photographic 
images, the operation wiU be found to be longer 
and more complicated than the washing itself.** 

Many experimenters who have studied the 
reactions involved in the oxidation of thio- 
sulphates (notably Chapman Jones, 1899, and 
£. Sedlaczek, 1904) have shown that most of 
the oxidizers uUd attack the silver of the 
photographic image, and that in reacting with 
the thiosulphate they form tetrathionate and 
dithionate (as well as inert sulphate), which 
appear to be as dangerous to the image as is the 
thiosulphate itself; they also resemble thio- 
sulphate in interfering with subsequent treat- 
ment, such as intensification. 

Experiments made by A. E. Amor (1925) to 
determine the effectiveness of various elimin- 
ators, in which the residual hypo of plates at 
various stages of washing (with and without 
eliminator) was measured, show that the effi- 
ciency of oxidizers is less than that of a single 
washing in a 0*2 per cent solution of caustic 
soda, and that after one extra wash (the duration 
of each wash being 2 minutes) the elimination 
of hypo is more complete than it would be were 
an eliminator used for the same time, and much 
less risk of damage to the image is incurred. 

Sodium hypochlorite is the most dangerous of 
aU the eliminators, yet, in France, it is also the 
one most fr^uently employed. The resulting 
image contains silver chloride, which is liable 
to change on exposure to light, giving irregular 
violet-coloured patches; and, in fairly strong 
solution, sodium hypochlorite attacks both 
silver and gelatine. 

The best method, then, is to leave these 
various reagents severely alone, and to use the 
only perfect eliminator, pure water, constantly 
applm to the surface to be washed. 
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514. The Purpose of Drying. Photographic saturated (condensation of mist or deposition 
plates and films which have been washed at of dew). Conversely, the relative humidity of 
temperatures between 60 ®F and 68T, and air is decreased when the temperature is raised, 
have been wij^d free of water clinging to the Air of 50 per cent relative humidity is con- 
surface, contain an amount of water which is sidered as being very dry. In cold, damp 
about six to ten times the weight of the gelatine weather the almost saturated outside air has 
in the emulsion, so that it may be as much as its relative humidity lowered to 30 per cent 
0 05 to 0-15 ml of water per square inch of or even less when it is warmed to the normal 
emdsion surface. In the case of films coated temperature of a workshop or dwelling house, 
on the back with gelatine, an approximately Dry gelatine absorbs water in a moist atmo- 
equal quantity of water will be contained in this sphere, whilst moist gelatine loses moisture in a 
backing layer. The amount of water absorbed dry atmosphere. In saturated air, which is 
is considerably greater at higher temperatures. ' unable to take up any more moisture, all evapor- 
In the process of drying, this water has to be ation is prevented, and as a consequence moist 
evaporated without injury to the image (partial gelatine cannot be dried in it, even though the 
or complete melting, markings, reticulation, amount of moisture to be removed be very small, 
etc.) ; at the same time, the adhesion of dust to The rate of drying is very nearly inversely 
the moist emulsion must, as far as possible, be proportional to the relative humidity of the air. 
prevented. Air which is warmed to reduce the relative 

Obviously, drying will be more rapid if super- humidity has its capacity for drying increased 
ficial water is wiped off at the start- to a greater extent when the rise of temperature 

It must be noted that even after long and is large. The practical limits of drying by this 
effective washing, the water held by the nega- system are, however, quickly reached because of 
tive still contains traces of sodium thiosulphate the risk of melting the gelatine. Since the air be- 
too small indeed to be detected even by the comes loaded with moisture as evaporation pro- 
most delicate means. As drying proceeds, ceeds, it soon becomes saturated, so preventing 
however, adhering water collects in drops, which further drying, unless it is continually renewed 
grow smaller and smaller, so that the whole of at the surfaces of the materal that is to be dried, 
the thiosulphate in this water becomes con- Gelatine should never be completely desic- 
centrated in small areas which may then cated ; it is considered to be dry when it contains 
show up as defects due to insufficient washing no more than about 10 to 15 per cent of 
(K. C. D. Hickman, 1926). moisture. Further drying renders it very brittle, 

515. The Phjrsics of Drying. The air always a fault which would be specially evident wth 
contains a certain amount of water in the form film negatives, and might also cause injurious 
of vapour, this quantity varying greatly accord- effects in the case of gla^s negatives, 
ing to circumstances. Comparatively dry air. Drying in an atmosphere of less than 60 per 
when kept in the presence of water or moist cent relative humidity tends to dry the surface 
bodies, or into which water vapour is introduc&l layer before the underlying portions ; the evap- 
by a toiler, will take up moisture to a certain oration of the imprisoned moisture is thus 
maximum, which increases according to the retarded. Injury may occur to negatives which 
temperature of the air. When this umit has are stored, or to films which are rolled, in this 
been reached, the air is said to be sakiraM with condition when the imprisoned water becomes 
moisture. The ratio of the quantity of water re-distributed through the whole thickness of 
vapour present in a given volume of air to the the coating. 

quantity which would be present in the same The drymg of films in motion-picture labora- 
volume of saturated air is <^ed the kygnmwkk tories is carried out as a rule in a current of air 
condiUim, the fraction of satiation, or the at 70 per cent or 80 per cent relative humidity, 
fclatm humidity. On cooling the air, its rdative at temperatures between 78T and 87T. 
humidity is increased, and it may beemne The evaporation of water is accompanied by 

3*7 
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the absorption of heat, which, in the case of 
spcmtaneous evaporation, results in a lowering 
(rf temperature. Since, at the same relative 
humidity, the rate of evaporation of water 
decreases as the temperature of the water to 
be evaporated is lowered, it is seen that drjnng 
tends to become progressively slower. This 
retardation is all the more marked when evapora- 
tion takes place simultaneously from both sides 
of a negative ; a drop of water adhering to the 
back of a negative often results in retarding 
the drying of the portion of the gelatine layer 
immediately opposite to it. 

516. Apparsto for Drying. Glass negatives 
are gener^y dried in the vertical position in 
the grooves of a draining rack. Some drying 
racks are made with slightly inclined grooves; 
with these, the plates should be inserted with 
the gelatine facing downwards in order to 
prevent dust from being deposited on it. These 
accessories are not always made in the most 
rational form, folding racks being as a rule the 
worst offenders. In the first place they are often 
unsteady, being so designed as to cause the 
diagonal of the plate to be very far from vertical, 
which is the most stable position. Secondly, 
the grooves are almost always too close together, 
allowing an insufficient circulation of air between 
the plates — so much so that it is no uncommon 
thing to find water which has been evaporated 
from one coating condensed as dew on the back 
of the next plate. This is generally avoided by 
using only one groove in every two or three. 
If care has been taken to wipe the glass sides 
of negatives before placing them in the racks, 
two negatives may be placed back to back in 
adjoining grooves, each pair of negatives being 
separated from the next by at least one empty 
groove. Another plan is to arrange the negatives 
all facing the same way, in order to avoid mis- 
takes; a constant interval is then left between 
each. 

If, for any reason, a plate has to be dried 
without a rack, it may be rested against the 
wall with its lower edge on several thicknesses 
of dean white blotting paper. 

Cut films, if they have been developed, fixed, 
and washed in developing hangers, are generally 
kept in these hangers until drying has been 
carried out, the hangers being suspended from 
special raclu or placed in ordinary plate racks. 
In the absence of hangers, films may be sus- 
pended from a stretched string in the darkroom 
or some other room as free from dust as possible, 
or Inside a drying cabinet, or they may be pinned 


to the edges of shelves. Whatever method be 
adopted, films must be far enough from each 
other and from neighbouring objects to prevent 
their sticking together or to some other object, 
should they wave to and fro in a draught. 

Lengths of film which are not much more 
than 3 ft or 4 ft long are generaUy hung by 
special clips to rods or stretched wires, the lower 
ends of the films being weighted by other clips 
of sufficient size to prevent the film curling. 

Long lengths of film (motion picture films, 
aerial film negatives, etc.) are dried by winding 
them on special skeleton drums, which are 
kept uniformly turning on their axes. The 
film may also be fed into a drying cabinet and 
kept moving on a pulley system, until, at the 
end of the run through the cabinet it is dry. 
It will then be led out of the cabinet and spooled. 
In this way a continuous drying process is in 
oj^ration and any length of film can be dealt 
with. 

517. The Operation of Drying. Drying should 
be carried out in premises which are well venti- 
lated, dry, and at a moderate temperature. 
Freedom from dust is another requirement, and 
for this reason it should be in a room where there 
is no need for constant passing to and fro— -a 
certain means of raising dust. In commercial 
installations drying is carried out in special 
rooms into which dry, warm, filtered air, is 
forced. 

It is essential that during drying there should 
be no sudden change of temperature, of relative 
humidity, or of speed of air currents. Every 
negative which is subjected to great changes in 
conditions of drying shows a distinct mark be- 
tween the portions dried under different condi- 
tions. Those parts which have been dried most 
slowly may be more or less dense than the other 
areas. In particular, negatives must not be 
allowed to stand in the sun during drying. 

Once the negatives have been placed in the 
racks or hung up, they must not be disturbed 
until they are diy, no matter how great the 
impatience to examine them may be. 

Before d^ng, negatives should be wiped 
on the gelatine side (on both sides in the case of 
films) either with a rubber or synthetic sponge 
which has been well squeezed out in water or 
with a grease-free chamois leather which has 
been soaked and wrung out. For lengths of 
film, use may be made of a pair of squeegees, 
hinged at one end and elongate to form handles 
at the other. 

On continuous-working machines for dealing 
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with films (motion-picture films, aerial film 
negatives, etc.), wiping is often done by jets 
of compressed air, which play obliquely on the 
two sides of the film. This air should be filtered in 
order to trap any drops of oil brought in from 
the compressor. For wiping a very small number 
of negatives, they may be placed between two 
sheets of flufiless blotting paper or between the 
leaves of a book of filter paper, the hand being 
then passed over the paper with moderate 
pressure. In this way the duration of drying is 
considerably reduced, and also drops of water 
are prevented from causing marks due to the 
local retardation of drying. 

Whenever possible, the glass sides of plate 
negatives should be wiped dry with a soft cloth ; 
in addition to the fact that drying is thereby 
slightly accelerated, it is easier at this stage to 
get rid of small particles of gelatine or other 
foreign matter which may soil the back of the 
plate. 

In a humid atmosphere, a high drying tem- 
perature leads to an increase of density and 
contrast. Evaporation in a moist atmosphere is 
slow and consequently cooling of the gelatine 
is negligible so that the gelatine can become 
softened by the high temperature. This allows 
the silver grains to be rearranged to a certain 
degree. In a dry atmosphere the evaporation of 
water is rapid , this cools the gelatine and keeps 
the emulsion fairly firm in even comparatively 
warm air. Variations of 25 per cent have been 
noted, after drying in various conditions, in 
densities that were equal before drying (J. 
Crabtree ; D. R. W'hite, 1922). 

Drying should never be undertaken in a place 
where there is a risk of the temperature falling 
low enough to freeze the water with which 
the negatives are impregnated; “ice flowers,’’ 
which would be formed under such conditions, 
would leave their distinct impression in the 
gelatine. 

Certain insects, cockroaches, ants, etc., especi- 
ally in warm climates, devour gelatine. In* 
places infested by these creatures it is a good 
plan to protect negatives during drying by a 
mosquito net. 

In warm, humid, and stormy weather, the 
gelatine of negatives is sometimes attacked 
during drying by colonies of microbes. During 
the course of very slow drying which such 
weather causes, these microbes may liquefy the 
gelatine in places, leaving the glass support bare. 
This trouble occurs espeaally with non-hardened 
negatives, when straw packing or other such 
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material containing mildew is disturbed near 
the negatives during drying. In such atmo- 
spheric conditions it is advisable to hasten diying 
by bathing the plates after washing in water to 
which alcohol has been added (§ 520), or at least 
to finish washing in an antiseptic bath such as 
3 per cent solution of phenol. 

518. Distortion of the Image during Drying. 
Very slight deformations, quite negligible in the 
common applications of photography, occur in 
the emulsion during drying, especially near the 
edges. They may need to be taken into account 
in high-precision measurements (cartography, 
astronomy, etc.). 

These deformations are mainly due to local 
inequalities of dr5dng. They occur chiefly on 
negatives developed with a tanning developer 
(pyrogallol), as the denser portions of the image, 
which are tanned, contain less water than the 
surrounding gelatine. The presence of drops of 
water adhering to the gelatine surface, or even 
to the glass, causes similar deformations due to 
local retardation of drying. Every negative has 
a margin of about half an inch in which these 
deformations are fairly considerable. Distortion, 
which is due to inequality of drying, may be 
considered as temporary if the gelatine has not 
been hardened with alum, and with this excep- 
tion it is possible to remedy the defect by allow- 
ing the negative to swell in water and to dry 
again with all necessary precautions, particularly 
by hastening drying by treatment with alcohol 
(§ 520). 

519. Acceleration of Dr3dng by Heat The 
drying of glass negatives or paper prints may 
be greatly hastened by a current of warm air, 
or by placing the material to be dried near a 
source of heat, provided that the gelatine has 
been hardened to raise its melting-point to 
withstand the rise in temperature. The heating 
of the emulsion on a glass plate on which a 
current of warm air is directed can be limited by 
blowing a current of cold air on to the back 
(glass) surface at the same time. If heating, 
in this way, is excessive when applied to films, 
it often causes a permanent deformation of the 
film base (notably curling at the edges), which 
may be an obstacle to perfect sharpness of 
prints. 

Negatives fixed in solutions containing idum, 
and especially in a fixing solution containing 
a large quantity of chrome-alum (§492), wiU 
generally stand a temperature of I20®F to 
I40®F. They may be dried in full sunlight, 
provided that no shadow falls on them, since 
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diadows would cause local inequalities of drying. 
Drying in the sun is indeed often the only pos- 
sible method in very warm and humid climates. 

In the case of negatives which have only a 
passing interest and from which prints are 
urgently required, the gelatine may be rendered 
proof against melting, even at the temperature 
of boilu^ water, by bathing the negative for 
about 10 minutes in a solution of formalin or 
formaldehyde. (The liquid sold under the name 
of formalin is an aqueous solution of about 
40 per cent of formic ^dehyde or formaldehyde, 
a gas. It will sometimes be found to change 
on standing; white clots of trioxymethylene 
being formed. When this happens, it loses its 
effectiveness wholly or partly.) A suitable 
dilution for this purpose is 5 parts in 100 parts 
of water, which is ample to give the desired 
hardening (J. McIntosh, 1900), and the low 
concentration has the advantage that a small 
amount of formaldehyde is lib^ated from the 
negatives during dr^g. When frequent re- 
course to this method of dr3dng is necessary, it 
is best to obtain a sheet-iron drying box, through 
which air can be circulated and led to the 
outside, and in which the temperature can be 
raised to about 2i2°F. Drying by heat after 
treatment with formalin may be accelerated 
still more if alcohol is used in place of part of 
the water for diluting the formalin. 

520. Rapid Drying with a Volatile Liquid. 
Many liquids evaporate much more rapidly than 
water, owing to their vapours not being com- 
monly present in the air, and to the fact that 
their boiling points are lower than that of 
water, and also because their heat of vaporiza- 
tion is much lower than that of water (half for 
methyl and ethyl alcohols, quarter for acetone). 
Any of these liquids that are miscible in all pro- 
portions with water may be employed to hasten 
the drying of the gj^tine of photographic 
negatives and prints ; in the case of films there 
is, of course, the additional requirement that 
they must not dissolve the film base. After 
some minutes' soaldng in the selected liquid the 
latter will have almost ccnnpletely displaced the 
water and drying will then be very rapid. 

Considerations only of cost suggest the use 
of denatured alcohol (methylated spirit), which 
has the added advantage that it causes the 
gdatine to contract. It may almost be said 
that alcohol does not piene^te the gelatine 
but merdy extracts the water, the attraction 
of gelatine for water being very small or non- 
existent (H. R. Proctor, 1909). The alcohol, by 


gradually taking up water, becomes useless for 
this purpose after it has dealt with a number of 
negatives, and requires regeneration. Too 
rapid dilution of the alcohol should be prevented 
by draining or wiping the negatives before 
placing them in it, and after the alcohol treat- 
ment is finished, the alcohol clinging to the 
negatives is allowed to drain into the bath 
before completely removing the negative. These 
precautions almost double the amount of mate- 
rial which can be dealt with by a given amount 
of alcohol (L. P. Clerc, 1917). Negatives of 
which some parts have already dried spon- 
taneously should not be treated by this method 
on account of the risk of marks. Denatured 
alcohol diluted with water may be regenerated 
by shaking it with salts which take up water 
with great avidity and are not soluble in alcohol 
or water-alcohol mixtures, e.g. plaster of Paris 
or the carbonate of soda or potash. 

The extra speed of drying is obviously greater 
when concentrated alcohol is used, but the use 
of methylated spirit at its maximum concentra- 
tion presents various difficulties. In addition to 
the precipitation of lime salts from hard water 
in the form of a white opaque fog (§512), it 
sometimes produces a dulling effect on the 
surface of the gelatine, which has been attributed 
to the dehydration of the gelatine mycelles 
(Liippo-Cramer, 1915). Concentrated alcohol can 
be utilized by employing two successive baths, of 
which the first contains a hygroscopic substance, 
for instance, crystallized edeium chloride (2g 
per litre) (Schering and Kahlbaum, 1928), or a 
non-hygroscopic substance conferring pliancy, 
as for instance, urea (i g per litre), or salicylic 
acid (log per litre) (Zeiss-Ikon, 1930). Also, 
the use of concentrated alcohol, by softening 
the base of film negatives and dissolving an 
appreciable proportion of the plasticizers, may 
cause frilling of the gelatine or permanent 
deformation of the film. 

The following table shows the time required 
for drying negatives (7x5 in.) after 10 minutes' 
treatment in denatured alcohol to which water 
has been added in different proportions. These 
times are of course only relative, for they must 
depend also on the thickness of the gelatine and 
on the atmospheric conditions — 

PuvBdeiwtwwl 

iloohol PuM water 

Water (added) % o ao 40 to 8o loo 
Ttateofdryinf 40>nln to min 115 min 175 nln aiomln aTomfai 

It will be seen that whilst the effectiveness of 
alcohol decreases very quickly with dilution, 
alcohol dilated with water to a moderate extent 
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(up to 20 per cent) is still considerably more rapid 
than spontaneous diying, and yet avoids the 
various troubles which may result from the 
use of too highly concentrated alcohol. Methy- 
lated spirit becomes turbid on adding water 
because of the precipitation of lime salts from 
the water and of resinous or tarry substances 
present in the denaturing agent. Very clear 
dilutions of alcohol may be obtained by adding 
a small amount of ammonia (i ml per litre), shak- 
ing with several changes of animal charcoal (about 
20 g {XT litre) and filtering or decanting the clear 
liquid (A. Ninck, 1926). 

Negatives which have been passed through 
alcohol may, during drying, be subjected without 
harm to a higher temperature than would be 
safe for negatives heavily charged with water. 

After treatment by the alcohol method- of 
drying, there is a temptation to consider nega- 
tives to be dry which are really only dry on the 
surface and in w^hich the deeper parts of the 
gelatine are still wet. If such negatives are 
])iled together in this condition it may bt‘ im- 
possible to separate them afterwards. 

521. Instantaneous Drying by Dehydration of 
the Gelatine. Certain salts which are very 
soluble in water may be employed in very 
concentrated aqueous solutions in order to bring 
about the rapid dehydration of gelatine im- 
pregnated with water without causing any ill 
effects on the gelatine itself (Lumi^re and 
Seyewetz, 1912). Among the salts which may 
be used (aluminium sulphate, sodium sulphate, 
sodium thiosulphate, etc.), potassium carbonate 
in saturated solution gives the best results 
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without harming the negatives, even in the case 
of prolonged contact. 

This method of drying should be considered 
as suitable for the temporary drying of negatives, 
permitting of their immediate use for periods 
up to several weeks. They must be given a 
further washing in order to get rid of traces 
of potassium carbonate from the gelatine. The 
washing of a plate or film impregnated with a 
very concentrated solution of salts should, pre- 
ferably, be begun in a dish, using repeatedly 
just sufficient water to cover it, in order to 
avoid too sudden a change in concentration 
which might cause reticulation of the gelatine. 

Potassium carbonate after a time, may give 
rise to stains, or, in certain cases, to the separa- 
tion of the film from its support. Since the wash- 
ing of the negatives must be repeated later 
on, the first washing and even fixing may be 
shortened, these processes being completed later. 

The negative containing water is immersed 
for 4 or 5 minutes in a saturated solution of 
potassium carbonate (about 53 per cent at 6o®F) 
or no parts of the salt to 100 parts of water; 
(this solution registers 52*5® on the Baum 4 
hydrometer). The negative is rapidly wiped 
between blotting paper to remove the bulk of 
the adhering solution, and drying is com- 
pleted by wiping the film with a soft cloth. The 
surface, which is very hard, is of glossy appear- 
ance. The negative may be used at once for 
printing. 

The solution of potassium carbonate may be 
regenerated from time to time by dissolving 
more of the salt in it. 



CHAPTER XXXIl 

THE CHIEF FAILURES IN NEGATIVE-MAKING 


522. Preliminary Note. The enumeration of the 
faults which may occur during the various 
phases of the process of negative-making may 
be sufficient to discourage the novice in photo- 
graphy ; it has, however, no other purpose than 
to allow the cause of a failure to he discovered. 
It must be admitted that any list of po^ble 
defects is never complete, unexpected failures 
sometimes occurring which cannot be traced to 
their causes. 

When a beginner (and sometimes even an 
experienced photographer) meets with a failure 
he immediately blames the camera, the plates, 
the chemicals and their respective purveyors; 
almost always he forgets to ask himself what 
blunder he has committed. 

Nobody is infallible, and, in spite of strict 
control, a manufacturer (of whom one cannot 
ask that he should test all his plates and dims 
before issuing them for sale) will send out — 
but very seldom — a plate or film showing some 
slight defect. Long experience shows, however, 
that the great majority of failures are due to 
faulty working of which the photographer is 
often unconscious, and which he will not hesitate 
in good faith to deny. 

If, after careful investigation, a fault appears 
to be due to manufacture, and is repeated on 
several plates from the same box or from the 
same emulsion, replacement may be demanded 
from the manufacturer. This will always be 
courteously fumi^ed if it be courteously asked. 
In addition to the faulty negatives, some other 



their original wrappings. 

523. Faults Appearing During Development. ^ 
The Image Does Not Develop. Anti-halation 
plate exposed through the back ; plate not ex- 
posed ; absence of one of the essential ingredients 
from the developing solution. Put the plate 
aside for the time braig in pure water, and then 
try to develop it later in another bath, A slow 
appearance of the image may be due simply 

^ Some of thMe defects, eipecially if they are not 
very marked, will not be found nntU later, lometamei 
not nntil after drying. For the characteriitics of 
negntivet iftiich have been onder-expoeed or over- 
miamd, tee || 334 ^ 336. 


to putting the plate in the developer upside 
down. 

The Emulsion Darkens Before any Image 
Appears. The sensitive surface has been ex- 
posed to light outside the camera or has been 
afiected by X-rays or other penetrating radia- 
tion. 

The Image Appears Almost Lost by Uniform 
Fog. If those parts of the sensitive emulsion 
which were protected by the rebates, etc., of 
the dark slide are not fogged, the trouble is 
probably due to excessive exposure ; to sunlight 
on the lens during exposure (absence of lens 
hood) ; or to the use of a lens of which some 
parts are dirty or covered with mist. 

If the fog also covers the protected parts of 
the surface, several causes may be suspected: 
long storage of the plate or film under unfavour- 
able conditions; wrongly-mixed developer (ex- 
cess of alkali, insufficient bromide), or developer 
contaminated with thiosulphate or metallic 
salts from the materials of which dishes and 
accessories are made, or with sulphide formed 
by bacterial action in old developing solutions 
which have been kept for a long time. In either 
of these cases of fogging the cause may be (§ 200) 
the action of certain materials used in the con- 
struction of the dark slide (resinous wood, var- 
nish, drying oils, or of paper used for re-packing 
the plates or films between exposure and develop- 
ment). Prolong development as for a non^ 
negative adding a fairly large amount of bromide 
or antifoggant. In spite of being very dense, 
the negative will yield passable prints. 

Fog Appears After the Image is Distinctly 
Visible. Development is being done too close 
to a darkroom lamp which is fitted with an 
unsuitable safelight screen ; or a very little 
diffused light is penetrating to the inside of the 
darkroom. In these cases the sensitive surface 
in the shadow cast by the sides of the dish 
remains clear of fog. In the case of a developer 
containing hydroquinone, the fog may be due to 
aerial oxidation of the developer as a result of 
too prolonged withdrawals of the negative for 
examination (§387). These failures may be 
avoided by desensitizing. , 

Intense Ray 4 ike Fog. Fog starting as a rule 
from one comer or edge and throwing rays in 
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different directions indicates leakage of light in 
the dark slide or its junction with the camera. 
Similar directed fog on roll-films is due to leakage 
ot light between turns too loosely wound when 
the film is removed from the camera. Such light 
at grazing incidence can be recognized by the 
long sliadows cast by any small protuberance, 
which are recorded in the fog. 

Marginal Fog. Fog forming a black or dark 
grey border and falling off towards the centre 
sometimes occurs on plates or films which are 
very old or which have been kept under bad 
conditions. This may occur on two edges only. 

Paris of the Emulsion do not Develop, or Develop 
only Slowly. The surface of the emulsion has 
not been fully covered by the developer, prob- 
ably because too little solution has been used 
and this has not been well stirred; possibly, 
also, to the di,sh or tank not being level. In 
tank development access of developer may be 
obstructed by improjx!r contact of the emulsion 
with another piece of sensitized material, or with 
the rack or other device for holding the material. 

Black Lines Covering the Whole or Part of the 
Plate. During the preparation for taking a 
photograph, or when carrying the camera, an 
image of the sun is formed on the sensitive 
surface by a tiny hole in the camera itself. This 
acts like a pinhole, and moves in all directions 
according to the movements of the camera. 
Parts of these lines may be reversed by 
solarization. Similar tracks of the images of 
electric-light bulbs may show striations due 
to the supply current alternations. 

Black Spots Irregularly Distributed over the 
Image. Black spots of various shapes and sizes 
may be due to specks of some substance which 
causes fog or accelerates development. These 
may fall on the surface as dust or as particles 
from the developer itself. Dust may arise from 
the friction of the slide in an aluminium film 
or plate holder. They may also be due to un- 
dissolved particles of the ingredients in an un- 
filtered developing solution ; crystallization 
also occur in a concentrated developer when the 
temperature falls too low. These spots some- 
times have tails, which are usually vertical, when 
tank development has been employed. When 
dust has fallen on the .surfaces Ixifore exposure 
to light, the black spots may have a transparent 
centre. 

Black or white spots may be due, in excep- 
tion^ cases, to a local increase or decrease of 
sensitivity during manufacture, owing to the 
acidity or oxydation-reduction equilibrium of the 


emulsion being modified by microscopic foreign 
inclusions or bacterial growths. 

Pseudo-reticulation. Dark lines somewhat like 
the meshes of a net have been caused in many 
cases by development in a bath which is not 
rocked or in a dish which contains only a small 
quantity of developer. 

Edge and Streamer Markings. When develop- 
ment is done in a very shallow layer of solution 
in an unrocked dish, there are sometimes 
produced dark margins on the dense regions of 
the image and light margins on the adjacent 
lighter regions. This is due to diffusion ex- 
changes between the active developing agent 
and the products of reaction. For the same 
reason, when vertical tank development is em- 
ployed, light streamer markings, extending below 
the denser parts of the image, are produced. 

Irregular Stream-lines, Darker or Lighter than 
the Rest of the Image. The developer was not 
perfectly mixed when plates or films were placed 
in it. It may not have been sufficiently mixed 
when a concentrated developer has been diluted, 
or when the solution has been prepared from 
various stock solutions. Stream-lines spreading 
from the clips of hangers or other holding device 
may be due to an unsuitable metal or solder 
used in its construction, or to its previous con- 
tamination with hypo. In the latter case a 
lighter band with a glossy surface may have 
darker edges. In very low concentration hypo 
accelerates development, giving the dark edges, 
while in slightly higher concentration it retards 
development and may even dissolve the surface 
grains giving the glossy finish when dry. 

Mottling. This defect is usually the result of 
curtailed development of a much over-exposed 
negative, the developer being dilute or exhausted 
and insufficiently rocked. 

White Spots. Several cases must be considered. 
Tiny areas bare of emission would result in 
completely transparent areas before fixation, and 
would be recognized after drying by the de- 
pressions in the film. This defect is extremely 
rare. White spots, which on great enlwgement 
are found to have sharply-defined irregular 
edges, usually angular, are the shadows of dust 
deposited on the emulsion before exposure to 
light. Little white spots with no foreign speck 
in the centre, circular or oval in shape, are gener- 
ally due to air bubbles preventing the developer 
from coming in contact with the emulsion; 
they frequently occur when the developer has 
been diluted with water taken from a high- 
pressure supply, or with water at a lower 
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temperature than that of the darkroom and 
whi(^, on being warmed, liberates some dis- 
solved air. Air-bells adhering to the emulsion 
when the developer has not been poured uni- 
formly on to the plate are usually of a sharply- 
defin^ rounded shape, but irregular. Lines of 
air bubbles are sometimes formed when develop- 
ment hangers or holders of films are used and 
are introduced suddenly into the developer. 

White Of Clear Spots, Round or Irregular, with 
Graded Edges, These spots are gener^y due to 
splashes of water on the emulsion, or to con- 
densation of moisture when camera or slides 
have been in a' very cold atmosphere, and are 
brought into a warm place. Similar circum- 
stances sometimes produce mottled markings, 
or marks with a light marginal fringe. In tropical 
climates, spots arising from splashes sometimes 
have either a dark centre or a dark ring. Very 
rarely such spots are due to dust contamination 
of the gelatine layer during manufacture. In 
such cases a central speck may be visible under 
a magnifier. 

Finger-markings. Finger-markings appear 
white after contact of dry fingers with the sur- 
face of the emulsion (and even with the backs 
of the plates if the latter are piled together after 
contact). The slightest quantity of grease 
deposited on the emulsion prevents the pene- 
tration of the developer. Finger-markii^s will 
appear black if the surface of the emulsion has 
been touched with fingers soiled with developer, 
fixer, etc. 

Black or White Lines, Lines, generally very 
fine and straight, are due to fnction on the 
emulsicm. The slide of the film or plate holder 
may be bent ; there may be abnormal resistance 
to the pulling over of films in a bent film pack ; 
the guide rollers may be working badly in a roll- 
film camera, or it may be winding too tightly, 
tines from these various causes are usually light 
on a dark ground and dark on a clear ground. 

These lines are not to be confused with the 
broad and very opaque bands with diffused 
edges which are due to the passage of light 
between the sections* of the curtain shutter of a 
dark slide, nor with the broad black lines with 
shaded edges which start perpendicularly to one 
edge of the plate and end in a black disc (or vice 
versa). These latter are caused by the movement 
.and subsequent stopping in front of the plate 
of a hole in the blind of a focal-plane dmtter. 
(Such holes are often caused by burning of the 
rubber of the blind occasioned by the focused 
image of the sun.) 


Dark Tree-like Markings, Static electric dis- 
charges on an emulsion leave black brush- or 
tree-like markings. This trouble is hardly ever 
met with except on films, and then only in very 
dry weather (especially in frosty weather). It 
may be due to friction or merely to the unrolling 
of the spool. 

The Image Appears as a Positive. An image 
which has been considerably over-exposed may 
appear as a positive, altogether or partially; 
in such cases it is usually fogged. An image 
which at first appeared as a negative may 
during development be converted into a positive 
by the action of light (white hght or unsafe 
darkroom lighting) ; it seems in this case that 
the first negative image protects the underlying 
emulsion against fog; at the same time the 
sensitivity of the emulsion is decreased by the 
soluble bromide already set free by development. 
Delayed reversal may also result from very long 
development in an extremely dilute developer ; 
the chemical fog of the unexposed regions 
becomes denser than the image itself. 

Double Images : Ghosts. The superposition of 
two entirely different images is obviously caused 
by two exposures on the same plate or on the 
same part of a film. Very cunous effects are 
sometimes caused, however, by the superposi- 
tion of two exposures without moving the 
camera; the shutter may have been opened 
twice or it may have rebounded, or it may be 
that the sensitive surface has remained un- 
covered for some time, and a second image has 
been projected by means of a hole in the front 
of the camera ; one of these images is always so 
faint that only persons dressed in light colours 
standing near during or after the exposure 
appear in it ; such figures then appear as trans- 
parent ghosts. These effects are often attributed 
to supernatural causes 1 

Broad Transparent Shaded Mark, Starting 
from One Edge. A very large out-of-focus image 
of a finger, held in front of the lens during 
exposure, so that it obscures part of the field. 

Broad Light Bands Parallel to One Side of the 
Plate. When a focal-plane shutter is used, the 
rapid passage of an opaque body in front of the 
lens cuts out the image (or reduces its density 
if only a portion of the lens aperture is masked) 
on the parts of the plate whi^ happen at that 
instant to be uncovered by the slit of the shutter. 

524. Defects ^ipeaniig After Fiidng. Milfy 
Markings with Diffused Edgnrvmm on ike 
Bach of the Negative or by Transmitted Light, 
Fixation has been stopped too soon, and hen 
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left patches of silver bromide between the image 
and the support. 

Transparent Marks of Irregular Shape and 
with Diffused Edges. Local solution of metallic 
silver in an old fixing bath, which contains 
particles of rust, or in any fixing solution con- 
taining particles of potassium ferricyanide or 
other reagents capable of attacking silver. A 
clear mark may be produced by the prolonged 
action of a crystal of undissolved thiosulphate 
on a part of the emulsion. 

A uniform opalescence of the gelatine is 
sometimes observed on removing a negative from 
a strong fixing bath. It is due to dehydration 
and disappears on washing. 

Blisters. Blisters may be caused, particularly 
on films and papers, by bubbles of gas, which, 
instead of being liberated at the surface, are 
formed within the gelatine itself or between the 
latter and the support (immediate use of water 
delivered at too great a pressure ; transference 
without intermediate rinsing from a developing 
solution containing carbonate to a very acid, 
non-hardening, tepid fixing bath). 

Yellow or Brown Stain, Local or General. 
General stain may be due to the staining action 
of products of development on the gelatine. 
This occurs if the developer is old and highly- 
coloured, or if it contains insufficient sulphite. 
Stains in patches may be caused, especially 
with films and papers, on portions of the surface 
which during the first few moments of fixation 
have not been immersed in the solution. Solu- 
tions of alum, sometimes proposed for the 
removal of these stains, are quite useless, but 
the stains may be destroyed as follows. After 
washing the negative, immerse it for about 
5 minutes in a solution of 5 per cent chrome- 
alum, in order to complete the hardening of the 
gelatine and to avoid any softening during the 
further treatment, and then rinse it rapidly. 
The image is then bleached in a mixture of 
equal volumes of the following solutions (A) 
and (B), which should be mixed fresh whdh 
required. 

(A) Permanganate of potash 5 g 

Water to make i litre 

(B) Hydrochloric acid 50 ml 

Water to make 1 litre 

Alter the image has been bleached it has a 
ge^ral brown coloration due to manganese 
oxide deposited in the ^latine. The negative 
is rinsed and is |:Aaced in a 5 or 10 per cent 
solution of sodium bisulphite imtil the brown 


colour has disappeared. The image is then 
blackened by treating it in ein ordinary developer 
in full white light until no more white silver 
chloride remains visible through the back. 
Finally, wash the negative in two or three 
changes of water without fixing. The above 
treatment may be applied to a negative even if 
it has been dried. 

An iridescent yellowish-brown silver stain is 
sometimes produced by physical development 
on to nuclei of silver sulphide formed in the 
emulsion surface by traces of sulphide in the 
developer. Such soluble sulphides are usually 
due to bacterial growth in the developer. The 
stain can often be removed from the dry negative 
by firm wiping under spirit (not anhydrous). 

525. Dichroic Fog. The fog generally known 
as dichroic, although it does not always show 
two complementary colours, most commonly 
appears greenish-yellow by reflected light, and 
pink or purplish by transmitted light. It con- 
sists of ultra-microscopic particles of silver 
(colloidal silver) formed when silver bromide is 
subjected simultaneously to the action of one 
of its solvents, and to that of a developer 
capable of reducing silver salts in situ as soon 
as these salts arc dissolved. 

The conditions necessary for the formation 
of dichroic fog may thus prevail during develop- 
ment and also during fixation. The milky 
appearance (by reflected light) of this fog often 
leads, in the dim light of the darkroom, to its 
being mistaken for a residue of undissolved 
silver bromide. 

Dichroic fog hardly ever occurs during 
development, except in the under-exposed 
portions of a negative where there is no silver 
reduced in its ordinary black condition,^ and 
when development is prolonged in the empty 
hope of bringing up detail which the light has 
not registered or when slow-acting developers 
like hydroquinone or giycin are used. The 
solvent causing its formation may be hypo 
accidentally introduced into the developer, or 
it may be ammonia added as such or as an 
ammonium salt, or it may be sodium sulphite 
used in excessive amount. Liippo-Cramer 
(1905), however, obtained dichroic fog in a de- 
veloper containing only sodium carbonate and 
an amino developing agent, substances of this 
latter class behaving as feeble solvents of silver 
bromide. 

» Where the sUver is fOready r^uced it plays the 
part of a nucleus on which is deposited silver, which, in 
the dear parti, forms in the cofloidal condition. 
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If formed during fixation, dichroic fog may 
extend over the whole or part of the negative 
without any relation between its distribution 
and that of the image ; its formation is due to 
developer carried over into the fixing bath by 
the gelatine of the negatives. A neutral fixing 
bath favours its formation because in such a 
solution the developer retains its activity until 
it has become diffused into the bulk of the 
solution ; a very old fixing bath also favours its 
production, b^use of the accumulation of 
developer in it. Dichroic fog can. however, be 
formed in a fresh acid fixing solution if two 
film negatives or paper prints adhere to one 
another during fixation, because in this way 
the free access of the fixer is prevented; the 
developer is thus in excess of the fixer, and so the 
ideal condition for the formation of colloidal 
silver is provided. In all cases the presence of 
ammonia or of ammonium salts, and the 
exposure of the plate to light before fixation 
is complete are circumstances favourable to the 
appearance of dichroic fog. 

The occurrence of dichroic fog during fixation 
is almost certainly avoided by rinsing negatives 
between development and Nation, especially 
if the rinsing is done in slightly acidulated 
water. 

The only practical reagent known to dissolve 
this colloid silver without attacking the image 
— ^that recommended by J. Hauff in 1894 — was, 
for several years — 

Thio-nrea (thiocarbaraide) • 1 g 

Citric acid 1 g 

Water to make .... 100 ml 

As the outcome of an experimental study of 
this trouble, Lumidre and Seyewetz (1903) 
recommended bathing the negative for 5 minutes 
in a 0*1 per cent neutral solution of potassium 
permanganate; after rinsing, the negative is 
placed in a solution of 5 per cent to 10 per cent 
sodium bisulphite in which the silver oxide 
formed by action of the permanganate and also 
the brown colour of manganese dioxide formed 
in the gelatine disappear. The process is finished 
by washing in two pr three changes of water. 
A dilute section of potassium cyanide (0*5-1 'O 
per cent) slowly dissolves the colloidal silver in 
the presence of air. 

ci£uo». The reticulatioiT^^^tk^f^ving it 
the a{^)earance of grained leather or crocodile 
skin, is due to the excessive swelling which 
may arise from various causes. One is transfer 
from a very concentrated or warm fixing bath 


into cold water, especially if the fixing bath 
contains no alum. Another is a considerable 
difference in temperature, one way or the other, 
between the developer and the fixing bath. 
In general, reticulation is liable to be caused by 
any circumstance tending to cause very rapid 
swelling or shrinkage of the gelatine, such as 
transfer from a very alkaline bath to one which 
is strongly acid, or inversely. When the reticu- 
lation is not very mark^, it is sometimes 
possible to remedy it by placing the negative 
in alcohol (with films, at least 20 per cent of 
water must be added to the alcohol), and then 
hardening it with alum, if necessary, before 
proceeding to any other operation. 

Frilling of the Gelatine at the Edges. This 
defect, which starts as a kind of curling along 
the edges of the support, is due to the same 
causes as reticulation ; the same methods may be 
tried in order to prevent it. 

Transparent or Clear Spots of Irregular Shape. 
Local attack of the gelatine by liquefying 
bacteria during prolonged washing, particularly 
in warm weather. 

527. Defects Appeuing During or After 
Diying. Partial Melting of the Gelatine leading 
to Irregular Deformation of the Image, The 
negatives have l^en subjected to a temperature 
above the melting point of gelatine whilst in a 
wet and insufficiently hardened condition. 
They may have been placed too near a fire or 
in the direct rays of the sun. 

Patches of Uneven Density. Local variations 
in the rate of drying due to changes of tem- 
perature, humidity, or speed of air currents. 
These patches may sometimes be got rid of by 
converting the image into silver chloride and 
re-developing as described in § 424 for removing 
developer stains. 

Light Spots or Marks with Dark Edges. These 
marl^ are caused by dro]^ of water left on the 
face of the gelatine during drying, or which 
have been splashed on to its surface after it 
has already dried. In course of drying these 
splashes di^ first at the edges of the moist 
region and cause the particles of silver to be 
dragged from the centre towards the edge. 
Re-wetting of the negative, followed by normal 
drying, does not always provide a remedy for this. 

Clear Spots of Bare Glass or FUm. Local 
liquefaction of the gelatine by colonies of 
bacteria during very slow drying in a warm, 
moist atmosphere. Clear, im^;ular spots may 
be due to the attack of various insects on the 
gelatine. 
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Metallic Stains on the Edges of the Negative. 
Opaque fog of a lustrous metallic appearance, 
generally seen only on the edges of the negative, 
may be due to the use of an exhausted developer 
with old emulsions, or to a superficial sulphiding 
of the silver by hydrogen sulphide (often 
present in the atmosphere of industrial towns). 
It may usually be removed by dry rubbing with 
chamois leather ; in obstinate cases, moisten the 
leather with methylated spirit in order to 
increase the friction, but in any case rub very 
lightly. 

Traces of Foreign Matter Embedded in the 
Gelatine. Dust, particles of fibre, etc., deposited 
by the washing water and not removed by a 
final rinse in filtered water, or deposited during 
drying. 

Distorted Films. A him which has been dried 
too rapidly (in too dry and warm air), under 
excessive tension, is often waved at the edges. 
The remedy consists in washing until the 
gelatine is uniformly swollen, and then drying 
under normal conditions. 

White, Granular Deposit. This deposit, which 
is quite distinctly rough to the touch, is caused 
by the deposition of hme salts from a very 
hard water when no hnal rinsing in soft water 
has been employed. It may be removed by 
washing in slightly acidihed water (1 per cent 
hydrochloric or acetic acid is suitable, but 
non-volatile acids must not be used) and again 
drying. Negatives should be gently wiped with 
the fingertips under the tap before they are 
put to dry. 

White, Powdery Deposit. This is usually 
caused by aluminium sulphite deposited in or 
on the gelatine from an acid-alum fixing bath 
in which too much of the acid has been neutral- 
ized. It may be removed by wiping under 
the surface of a solution of sodium carbonate 
(about 10 per cent) followed by washing in clean 
water. 

Y eUowish-white Opalescence. This veil is gen- 
erally due to the deposition of sulphur in the 
gelatine caused by the acidification of a fixing 
bath containing insufficient sulphite, or by the 
use of an acid fixing bath at too high a tem- 
perature, or by treating the negative with alum 
before or after fixation without intermediate 
rinsing. The only possibility of dissolving this 
sulphur without smecting the image is, after 
thoroughly hardemng the gelatine, to try to 
convert it into sodium thiosulphate in a warm 
solution of sulphite (xo per cent solution of 
anhydrous sulphite of soda, wanned to about 


iio®F), in which it is allowed to remain for 
some minutes. The process is finished by wash- 
ing in several changes of water. The treatment 
is not successful with old negatives. 

Silvery-white Opalescence which is Yellow by 
Transmitted Light. This variety of white de- 
posit, covering all or part of the image, and 
particularly parts which have been dried too 
rapidly (edges), is caused by too rapid dehydra- 
tion of the gelatine by concentrated alcohol 
(neat methylated spirit), especially if the 
negative has been washed in very hard water. It 
may be removed by washing in slightly acidified 
water (see “White Granular Deposit"), which 
method may also be employed as a preventive. 

528. Defects Occurring in a Negative After 
Drying. Ink Marks or Stains of Aniline Dyes. 
Black ink stains (indian ink excepted) or 
' coloured stains arising from dyes or any coloured 
substance (including dust from a copying pencil) 
disappear entirely under the treatment described 
in § 424 for developer stain. 

Brown Stains. Brown stains may appear on 
a negative after a lapse of time ranging from 
some weeks to several years (more rapidly in a 
moist atmosphere). This is due to the slow 
conversion into silver sulphide of silver thio- 
sulphate left in the negative after incomplete 
fixation or washing (in the latter case there is 
often a general weakening of the image in the 
region of the stain). There is no certain method 
of removing this kind of stain ; it is often better 
to make a new negative from a print taken 
before the defect arose, or to make, first, a 
positive transparency (§ 899) on a panchromatic 
plate through a deep orange filter and than a 
fresh negative from that. The effect of the stain 
is thus greatly reduced. 

Scratches. The effect of various fine markings, 
produced by friction, may be reduced by 
varnishing the negative (§ 575). 

Cracked Negative. A cracked negative, of 
which the gelatine film is intact may be saved 
by stripping the film to another support (§ 5^0) » 
provided that the broken glass is supported 
during manipulation. This may be carried out 
very simply as follows. Take an old, waste 
negative, and dip it in water for a very short 
time, so that the gelatine does not swell appreci- 
ably, then slide the back of the cracked negative 
gently on to the moist gelatine so prepared. 
The very thin film of water interposed is ab- 
sorbed by the gelatine and perfect adhesion of 
the two negatives is then assured on account 
of atmospheric pressure. 



CHAPTER XXXIII 

REVERSAL PROCESSES : METHODS FOR OBTAINING DIRECT POSITIVES 


Genefal Considerations. We will first men- 
tion a method which cannot, properly, be con- 
sidered as a reversal process, but which is some- 
times employed for obtaining positive images 
directly. By developing so as to obtain silver, 
which is whitish by reflected light, and employ- 
ing plates in which the emulsion is coated on a 
bl^k or very dark support, the image appears 
as a positive. This method is chiefly used for 
making “ferrotypes/* also known as tintypes. 
A variation of this method has been used by 
the American Army Air Force {1925) for the 
rapid examination of negatives taken during 
urgent reconnaissances. The support in this 
case is of blue- violet celluloid, appearing almost 
black by reflected light, but through which 
positive prints may he made. The image is 
negative for transmitted light although positive 
by reflection. An ordinary negative image on a 
transparent support may ^0 be made to appear 
as a positive if the black reduced silver is con- 
verted into a white salt of silver, and the plate 
is then given a black backing. This method is 
sometimes employed for printing from a very 
flat negative. The negative is bleached with 
mercuric chloride, rinsed, dried, and mounted 
against a black ground. A copy can then be taken. 

The methods of reversal, properly called, 
may be classified as follows— 

(a) By considerable over-exposure ; the image 
is solarized (§ 210) and develops directly as a 

* positive. 

(b) A sensitive material is uniformly fogged 
to a high density and is then exposed to the 
image under such conditions tliat on normal 
development the fog density is reduced in propor- 
tion to the image exposure. As a rule ra^ations 
of diflerent qualities are used for the fogging and 
the image exposures. 

(c) After normal, development of a negative 
whi^ has been nmmally exposed and has not 
been desoisitized, only a part of the thickness 
of the emulsion will have been employed in 
obtaining the negative image ; the remainder is 
still sensitive to light (although its sensitivity 
may have been reduced). It is therefore possible, 
by txposing the negative to light, to produce 
in this residue a latent positive image which 
will renuun, although weakened, fldter dis- 


solving out the silver of the negative image 
and may be developed so as to give the final 
positive image (C. Drouillard, 1901). 

It is possible to obtain a positive image by 
a similar procedure without dissolving the 
negative silver image first (F. Leiber, IQ32). 
The positive image is developed in a developer 
which produces a stain image as well as a silver 
one (§413). All the remaining silver bromide 
and silver are then bleached away and the 
stain image is intensified. 

(d) It has been noticed (J. G. Capstaff, 1921) 
that, after the negative image is dissolved, the 
speed of the remaining silver bromide varies 
considerably from one point to another, being 
the less at each point the more the quantity of 
silver dissolved there. As a matter of fact, the 
various grains of silver each have different 
speeds, and in each spot it is the fastest grains 
which, during the first exposure, are brought 
first into developable condition; thus there 
remains in the image of the shadows the majority 
of the most rapid grains, while the slowest grains 
alone remain in the image of the high-lights. 
A uniform, and properly controlled, second ex- 
posure can therefore produce an effect prac- 
tically identical to that of exposures, variable 
from one point to another, corresponding to 
printing a positive under a negative; what 
happens is almost as if the second exposure to 
light were made under the first (negative) image, 
although the latter has been removed. Develop- 
ment and fixation then follow, just as with an 
image obtained under ordinary conditions. 

{e) In a negative which has been developed 
but not fixed there exist two images. These 
are complementary to one another, but generally 
of very unequal quality; one is the negative 
image, consistii^ of reduced silver, and the 
other is a positive image, consisting of the 
residual silver bromide. Whilst dissolving the 
silver bromide (fixation) only leaves the nega- 
tive image, the removal of the silver by a solvent 
hav^ no action on the bromide leaves the 
positive image. All that is then needed is 
development of the silver bromide to the state 
of metallic silver or of some compound of suitable 
colour (C. Russell, 1862). Tra method was 
af^lied in practice for the first time by Lumto 
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for the production of colour photographs on 
Autochrome plates. 

5J0. In view of the very heavy exposures 
necessary in order to produce a solarized image, 
method (a) is quite impracticable for camera 
photography and is even difficult to apply for 
copying work, largely because the results are 
often not reproducible or are non-uniform. 

There are numerous versions of method {b ) ; 
one may utilize the effects described earlier 
(1} 209) under the name of Herschel, Claydcn or 
I ’illard effect, or, better still, a procedure already 
mentioned in connexion with infra-red spectro- 
scopy (§237). According to a technique des- 
cribed by Liippo-Cramer (1923), this method is 
applied for the production of auto-positive 
emulsions. Special emulsions for the production 
of auto-positives by an analogous process, have 
been worked out by H. Arens, J. Eggert, and 
E. Heisenberg (1931). With these, a laterally 
reversed duplicate of a negative or positive 
can be obtained by exposing the material in 
contact wth the original for a time from 10 to 
500 seconds at a distance of three feet from a 
4()-watt tungsten lamp. 

In its original form, method (r) is difficult to 
apply, since all silver-solvents will attack the 
finely divided latent-image silver. The version 
suggested by Leiber has found numerous applica- 
tions. Another version is applied commercially 
for the production of positives in multi-layer 
colour films. After the negative development, the 
film is exposed uniformly to light, and develop- 
ment is continued in a colour-forming developer. 
(§ 416). Finally, all the silver and silver halide 
is removed in a “reducing” solution to be 
described below under the name of Farmer’s 
reducer (§ 566). 

For many years method has given perfect 
results in amateur sub-standard cinematography. 
It allows errors in exposure to be compensated 
for within wide limits, but requires a very 
accurately controlled second exposure. This 
is best done by preliminary tests on pictured 
taken under the same conditions as those to be 
t^ted. The method is only practicable in 
cinematography, since here it is always possible 
to sacrifice for testing a few frames from each 
scene. It is chiefly used for amateur films 
processed on continuous machines with a device 
for automatic adjustment of the exposing light 
according to the average amount of silver 
bromide remaining after the dissolution of the 
first image. This adjustment is effected by 
means of a thermo-electric couple sensitive to a 


beam of infra-red light transmitted by an image 
without affecting its emulsion; a relay post- 
pones this adjustment until the image that 
has been measured appears in the exposing 
window. 

Reversal by the “residue” method is better 
suited for treating individual images. Various 
means of augmenting its flexibility will be 
described. 

It is obvious that reversal cannot be applied 
to plates or films coated with several super- 
posed emulsions ; the best results are generally 
obtained with sensitive material specially pre- 
pared for this treatment. 

Whatever the working method employed in 
procedures (c) to (e), it is essential that the first 
development be thorough, for the undeveloped 
latent negative image would be superimposed 
on the positive image, being able even to cause 
a re-reversal in the image of the high-lights. 

531. The Production of Autopositive Contact 
Prints by destroying a Latent Fog. A fine-grain 
silver-bromide emulsion of the lantern-plate 
type is uniformly fogged so as to obtain on 
processing the maximum density required after- 
wards in the positive image. It is then bathed 
for two minutes in a solution containing o-oi 
per cent of safranine and i per cent of potas- 
sium bromide. The material is dried without 
washing. 

The emulsion layer so treated is then exposed 
in contact with the negative or positive one 
wants to duplicate. According to the density 
of the original, the exposure should be some 
30 to 50 times as heavy as that needed to produce 
the fog. If the intensity is kept low and time of 
exposure long, the tone range of the process is 
considerably longer than for short e3q)osure 
times and high intensities ; in a certain instance, 
an exposure of 36 minutes allowed four times the 
range to be reproduced as an exposure of one 
minute with a correspondingly adjusted inten- 
sity (Liippo-Cramer, 1927). The only difficulty 
in preliminary tests is to establish the most 
favourable conditions of the two times of expo- 
sure which give the optimum results. A sensito- 
metric step tablet is almost essential for this 
work. 

Any develoj^ is suitable for this process. 
One should avoid, however, developers which act 
very slowly, and those containing a silver- 
hande solvent. These latter are liable to develop 
the internal latent image of the firat exposure, 
since it is only simexfidal latent-image specks 
which are destroyed the second exposure. 
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532, Reversal Vy Means of a Second Controlled 

Baposure. Since this method is not practicable 
except in automatic processing machines, there 
is little point in discussing technical details, 
but the principles of the method are of some 
fundamental interest. 

V. B. Sense (1931) has, however, described 
a method which does not require automatic 
compensation or the preliminarv’ testing of 
samples. A second exposure is given which is so 
adjusted as to be definitely too weak. This is 
followed by brief development and a further 
exposure is estimated from the character of the 
developed image. Further exposures are given 
as necessary, each followed by development, 
until a satisfactory positive is obtained. These 
operations are facilitated by tlie fact that the 
reversal bath destroys the dye sensitizers and 
reduces the sensiti\nty. According to F. Leiber 
(1932) the gamma of the resulting positive is 
reduced if the second exposure or exposures 
are applied from the back. 

In the high-light portions of a negative, all 
the fastest grains of an emulsion have been 
used; in the half-tones or shadows, the fast 
grains remain unused to a smaller or greater 
extent. It is thus easily seen that the average 
sensitivity of the remaining emulsion varies 
considerably from point to point. 

The local differences in sensitivity are accen- 
tuated by yet another factor (H. Baines, 1936). 
In the course of the first development, the iodide 
always present in fast emulsions is released and 
reacts with the neighbouring grains, which are 
thereby coated with a superficial layer of iodide 
and consequently reduced in sensitivity. This 
effect is more pronounced the larger the amount 
of silver produced during the first development. 

The Mberi effect (§ 209) also comes under the 

S esent method of reversal ; it has been explained 
f G. W. W. Stevens (1939) in the following 
fashion. The superficial latent image is easily 
destroyed by the oxidizing treatment used to 
destroy the negative latent image. The internal 
latent image specks are not destroyed and act 
as condensation nuclei for any further latent- 
image silver produced during the second expo- 
sure. For grains which have received no first 
exposure, the latent image will be formed on the 
suriace as usual. Tlie second development thus 
acts only on the grains carrying supei^cial latent 
image specks ; it cannot react with the internal 
latent image, unless the internal specks are laid 
bare by dissolving the outer layers of the silver 
halide grains. 


The average sensitivity of the remaining 
emulsion is the greater the shorter tlie first 
exposure, i.e. the smaller the number of grains 
affected by the first development. By arranging 
the two exposures properly, practically identical 
positives can be obtained for first exposures 
varying as much as 16 to i, if the tone range 
(ratio of the extreme brightnesses in the subject) 
does not exceed 30 ; i. 

533. The Sensitometry of Reversal Emulsions. 

By contrast to the negative photographic 
images, reversed images are built uj) essentially 
from the finest grains in the emulsion, some 
medium-sized grains occurring in the middle 
tones, and a few large grains in the shadows. 
The graininess of the reversed image is thus 
considerably less than that in a negative obtained 
with the same emulsion or in a positive obtained 

printing. Furthermore, if two samples of tht‘ 
same emulsion are developed to a negative and 
a positive respectively, the threshold sensitivity 
is often considerably greater for the po.sitive 
than for the negative (H. Staude, 1938). 

An ideal reversal emulsion should therefore 
contain a sufficient numlxT of large grains to 
give it sensitivity, and of small grains to produce 
a brilliant picture of low graininess. An ordinary 
negative emulsion yields a reversal image of 
rather low contrast ; a i)ositive emulsion would 
be too insensitive. 

1‘or the method of reversal of the residue of an 
emulsion, whether with or without the applica- 
tion of a silver-bromide solvent, the two concepts 
of total black and density of solarization are of 
importance (L. Lobel and J. Lefevre, 1927). 
The total black is the density that would be 
obtained if all the silver-halide grains throughout 
the depth of the emulsion were reduced to silver. 
The solarization density is the maximum density 
that can be obtained in a given developer for a 
certain exposure, called the solarization exposure. 
Beyond the solarization exposure, the density 
stays constant for some while and then 
creases ; it is always less than the total black. 

Let us consider the characteristic curve iV 
of a negative, represented diagrammatically in 
33 - 1 - The total black of the emulsion is 
represented by the horizontal line T. When 
the silver developed as a negative has been re- 
moved. and the remaining silver bromide reduced 
to silver, the resulting positive is represented by 
the line P. The lowest density oi P d^\ 
this must be considered as being much too 
high to represent the high-lights of the scene. 
The lowest positive density would be higher 
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than df^, if the exposure were less than a critical 
value, which is determined by the maximum 
brightness of the scene and not by the minimum 
shadow brightness as in negative work (§ 336). 

I f the exposure exceeds but slightly the critical 
value, several half-tones would merge with the 
high-lights. Thus it is clear that the method of 
reversal of the residue of an emulsion lias no 
exposure latitude whatever. 

If a suitable silver-halide solvent is used, 
which is as a rule added to the develojier, the 
maximum black is reduced. In practice, it is 
reduced to a new value 7 „ which should be as 
close as possible to the maximum .solarization 
density. The resulting positive curve P' is 
obtained by moving the curve P downwards 
bodily, so that the minimum density can 
be made as small as desired, by arranging 'a 
suitable concentation and time of treatment in 
the silver-halide solvent. By this method the 
effect of a reduced exposure can b(^ compensated 
for by increa.sing the time of development, 
an effect which has no parallel in negative- 
positive work. The use of a silver-halide solvent 
in the developer thus introduces a certain de- 
gree of exposure latitude, although this is much 
less than can be obtained by using a controlled 
second exposure. 

In order to ensure correct tone reproduction 
the gamma of the positive curve should be {is 
near unity as possible. In other words, the 
gamma of the po.sitive should be equal to that of 
the negative, but, of course, of opposite sign. On 
the one hand, one would like to push develop- 
ment to the maximum in order to ensure that 
the value of the solarization density s is high ; 
on the other hand, the gamma of the final 
positive should not differ materially from unity. 
These conditions are not always realized in 
practice. 

5^. The curves in Fig. 33.2 represent 
positives obtained on a reversal cinematograph 
film for different times of the first development,^ 
indicated on the left or on top of the individual* 
curves (W. Rahts and W. Schulz, 1931). Fig. 
33-3 shows similar curves obtained in a develo- 
per containing a silver halide solvent and also 
shows the negative curve N obtained for 8 minutes 
development. The negative curve shows a 
high fog level caused by dichroic fog which is 
dissolved with the negative silver and thus 
causes no trouble. 

The use of a developer containing a silver- 
halide solvent allows a thick emulsion layer 
to be used and in this way the exposure latitude 


is increased considerably. An appreciable under- 
exposure, however, reduces both the maximum 
density and the tone range that can be repro- 
duced. 

535- By allowing a develoiXT containing a 
solvent to act for different times on an unexposed 
material, which is afterwards blackened in 
white light, the effect of time of treatment and 
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Fig. 33.3. Positives Obtained 
IN A Developer Containing 
Silver Halide Solvent, and 
Characteristic Curve of 
Negative Material De- 
veloped for Eight Minutes 
IN THE Same Developer 

concentration of the solvent can be readily 
demonstrated (L. Lobel, M. Dubois, and J. 
Vidal, 1928). They found, for example, that 
the addition of 2 per cent of ammonia of strength 
28° Baum^ decreases the total black of a positive 
^m from 4 to 0-5 within 5 minutes at 65°F. The 
silver bromide is completely dissolv^ in 15 
minutes although a solution of ammonia of iden- 
tical strength but in the absence of the developer 
requires several hours. No similar anomaly is 
obtained with hypo which gives otherwise simi- 
lar results. The ammonia effect is caused by the 
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fact that the ammoniacal silver complex is 
continuously reformed as the silver is precipi- 
tated on the latent image and the walls of 
the vessel ; in this way, the solvent is regene- 
rated all the time and does not decrease in 
concentration. 

536. Reversal of the Residue after Controlled 
Dissolution of the Silver Halide. It has already 
been pointed out that the method of reversal of 
the residue is not practicable except for special 
thinly coated emulsions. Films or plates for 
additive colour photography or sul^standard 
cinematograph films are suitable for this method. 
We shall consider below the production of 
reversal images on paper. 

Certain photographic materials are sold com- 
plete with processing rights and the user need 
not preoccupy him^f with the details of the 
processing, w&ch is carried out by the manufac- 
turer. Detailed instructions are given with other 
materials, and since emulsions vary widely and 
display their own special characteristics, we 
can o^y recommend the user to follow in detail 
the processing instructions, in particular in 
respect to the first development. 

^7. Methods of Dissolving the First Negative 
linage. From the various possible silver 
solvents, as a rule an add permanganate solu- 
tion is recommended but frequently also an acid 
dichromate solution is used. The latent image 
which is not devdoped in the first developer is 
completely destroy^ by add permanganate at 
the usual times of treatment and concentration. 
With add dichromate, on the other liand, a very 
feeble image persists even after several hours’ 
treatment (G. W. W. Stevens, 1939). Add 
permanganate is thus superior for the purpose, 
since it stops any residual negative image from 
interfering with the reversed positive image. 

Reversd using a sulphuric add-dichromate 
bath causes an appreciable tanning of the 
gelatine layer, whereas add permanganate 
softens the gelatine. It should not be u^ at 
temperatures above 77’F, and above 68®F 
the concentration should be halved, in order to 
avdd the gelatinp bdng dissolved or stripped 
from the support. 

Some workers maintain that the use of a 
dichromate bleach decreases the contrast whereas 
others report the opposite result. One would 
ccmclude that this effect cannot be very great. 
It has been suggested that the advantages of 
both bleadiing agents may be combined if used 
^ether. A bleadi-bath often used is mixed 
immediately before use from stock solutioDS of 


0*4 per cent potassium permanganate and a i 
in 50 solution of concentrated sidphuric acid in 
water (20 ml or 35 g of add, and water to make 
I litre). The individual stock solutions keep 
indefinitely. 

After the first development, the matenal is 
briefly rinsed and put into the bleach-bath. 
With the method of reversal of the residue, all 
operations bar the first can be carried out in 
white light. When all the silver has been dis- 
solved, the material is briefly rinsed and trans- 
ferred to a solution of 5 or 10 per cent bisulphite, 
which acts as a clearing bath by dissolving the 
manganese dioxide formed in the gelatine and 
the silver chloride formed from the chloride 
ions introduced with the wash-water. The 
clearing bath also restores some of the sensi- 
tivity of the silver halide lost in the bleach-bath. 
If at this stage any traces of the original nega- 
tive image should be noticed, the procedure of 
rinsing, bleaching, rinsing, and clearing should 
be repeated. 

If an appreciable quantity of silver bromide 
is found to persist in the high-lights, it is feasible 
to treat the negative in a very dilute hypo solu- 
tion (approximately i per cent), stopping the 
treatment by passing the negative into a large 
volume of water just before the high-lights 
become completely transparent. 

The following details on the chemical treat- 
ments may be useful. Potassium permanganate 
occurs in the form of small dark violet crystals 
with reddish brown reflections. It is sparsely 
soluble in cold water (6 per cent at I5°C). The 
solutions are also dark violet in colour, and it 
is therefore difficult to ascertain whether the 
salt is completely dissolved. It is better to use 
lukewarm water to dissolve the salt. Both the 
dry substance and its solution keep well. Per- 
manganate causes a brown stain with organic 
substances by the precipitation of manganese 
hydroxide [Mn(OH)4]. The stain can be removed 
easily by sodium bisulphite or oxalic acid. In 
the preparation of sulphuric acid solutions of 
permanganate, one must never pour concen- 
trated acid into the permanganate solution or 
on to the dry salt, since tli^ would cause a 
reaction of explosive violence. K. C. D. Hick- 
man (1930) has recommended for the sulphuric 
add to be replaced by an equal volume of a 
syrupy solution of concentrated phosphoric 
add; the mixture is said to be stable. 

Where the negative image is bleached in an 
add diduomate solution, the clearing bath 
should be a neutral sulphite solution. 
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538. Blackening of the Reversal Im^ When 
the ori^al negative has been bleached, cleared, 
and briefly rinsed, the residual silver bromide 
can be developed in any developer in room light, 
or after a uniform exposure to light, or finally, 
after treatment in a fogging agent. In order to 
avoid the risk of physical damage to the gelatine 
which might result from the alternate use of acid 
and alkaline solutions, an acid hydrosulphite 
developer might be used (§403). The rate of 
development will then be highest in the highlight 
regions (M. Abribat, 1030). 

As a fogging agent, a dilute solution of thio- 
urea might be used (§ 502) ; this chemical can be 
added to the clearing bath, thus reducing the 
number of operations necessary. 

Development should be carried on until 
examination from the back shows that all the 
silver bromide present has been reduced. This 
is followed by a brief wash, no fixation being 
required. 

Development of the residual silver bromide 
is often replaced by transformation to a coloured 
substance, such as the brown silver sulphide, 
under conditions to be described below (§§ 738- 
9 ). 

When examining critically the resulting 
reversal image, one should take into account 
that any changes in the operations will produce 
very different effects on a negative and on the 
positive obtained from it by the reversal tech- 
nique. Thus a patch of fog in the negative causes 
a clear patch in the positive ; a thin positive 
results from over-exposure or negative develop- 
ment which was too much prolonged; and 
a very dense image even in the high-lights is 
the consequence of under-exposure or under- 
development of the negative. 

539* Reversal Meth^ for Pap^. There are 
on the market several kinds of silver bromide 
papers specially manufactured to yield reversed 
pictures, especially for automatic portrait 
machinery, or for document copying. The process- 
ing instructions of the manufacturers should b6 
strictly followed. 

Excellent results can be obtained, however, 
on papers designed for negative-positive work, 
especially for the production of enlarged nega- 


tives without an intermediate positive. The 
procedures are not widely different, whether the 
picture is to be viewed by reflection (positive) 
or by transmission (negative). 

When positive images to be viewed by re- 
flection are to be produced, certain sensitometric 
peculiarities have to be taken into account. 
The tone range for a picture viewed by reflection 
is much reduced compared with that for a 
transparency (§ sqq). From the moment when 
the image viewed by reflection reaches its maxi- 
mum gamma, which happens very quickly, the 
characteristic curve maintains its shape and 
merely moves bodily along the exposure axis 
towards smaller values of the exposure. Thus, 
viewed by reflection, the gamma of a reversed 
image is practically identical with that of a 
non-reversed image on the same paper. 

With most positive papers carrying emulsions 
which are not too heavily hardened, satisfactory 
results are in general obtained by adopting an 
exposure which is two or three times as heavy as 
for ordinary^ printing. Development might be 
15 to 30 times as long as for normal use. There 
is no need for agitation, except for the first 
few seconds, as long as the paper is covered by 
at least a quarter of an inch of solution. The 
picture will then be black all over, the less dense 
regions appearing dark grey. 

After washing in several changes of water, 
the sheet is treated in acid permanganate until 
the silver is just dissolved, rinsed, cleared, and 
washed again until all traces of stain disappear. 

If a wet sheet of paper is exposed uniformly 
to light, a patchy result is obtained, since the 
local variations in the thickness of the water 
layer causes the light to be refracted. If is thus 
necessary for the second exposure to be carried 
out on dry paper. Development or blackening 
(sulphiding, etc.) may then be carried out. 

This method, describe^ by G. Schweitzer 
(1935) has found very widespread application. 
We recommend that a sensitometric step tablet 
be used, when first setting up the method, with 
the material it is proposed to adopt. 

In §883 another method will be de^ribed 
which is based on a completely different 
principle. 
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METHODS OF AFTER-TREATMENT: INTENSIFICATION, REDUCTION, WORKING-UP, 

RETOUCHING 


540. General Considerations. Of the various 
corrective operations described in this chapter, 
intensification and reduction are purely chemical 
manipulations, whilst the others, retouching, 
etc. (includi|ig the local application of intensihers 
and reducers), are processes requiring manual 
skill, and presuppose some artistic Imowledge 
(ideas of values and ability to draw, knowledge 
of anatomy for those who are concerned with 
portrait retouching) and the mastery of a special 
technique (reversal of tone values). W'e propose 
to deal chiefly \^ith chemical methods here, 
because retouching, properly called, cannot very 
well be taught from a book. 

Under the name of intensiflcation are included 
all processes which, after the negative has been 
made, allow of increasing the various densities 
of the image in such a way that the difference 
between the extreme densities is increased, and 
as a result the contrast. When the densities of a 
negative are increased by an amount which is 
proportional to the original negative densities, 
the process is called proportional intensification 
(Fig. 34.1). When the higher densities are 
increased in higher proportion than the lower, 
the intensification is called super-proporiional 
(Fig, 34.2). In the case where the lower densities 
only are increased sub-proportional (Fig. 34.3) 
intensification results. On the other hand, re- 
duction comprises all methods which allow of 
decreasing the different densities of a photo- 
graphic image with or without decreasing the 
difference between extreme densities. 

Intensification and reduction were operations 
of great importance in former days when, in 
the absence of the great variety of printing 
papers available at the present time, all negatives 
had to have almost the same density range. In 
addition the shadow portions of the negative 
were almost completely transparent so that 
printing exposure times, to daylight, already 
long, should not become excessive. Intensifica- 
tion and reduction are now the exception and 
not the rule. 

Whilst intensification, as suitably carried out 
on a negative which has been properly fixed 
and washed is an operation which does not entail 


much risk, the same cannot be said for reduction, 
in which there is always an element of uncer- 
tainty, especially when it is applied to an already 
dried negative. Moreover, in the case of very 
dense negatives, such as result from long expo- 
sure and normal development, it is often better 
to confine oneself to using a more intense light 
for printing, or a longer time of exposure, 
rather than to risk the destruction of tlie scale 
of tones by reduction. 

The intensification or reduction of film nega- 
tives which have a coating of gelatine on the 
back often leads to local stains, which occur in 
the gelatine backing. They are due to insufficient 
washing. When this occurs the gelatine backing 
may be removed (§ 584). 

In the case of a negative having a very great 
scientific or documentary value, it is usual to 
refrain, even in the most extreme cases, from 
all attempts at direct improvement. Instead, 
a positive transparency is made from the nega- 
tive under the best possible conditions ; on this 
positive any intensification or reducing which 
may be necessary is carried out. and then a 
reproduction, forming an improved duplicate 
of the original negative, is printed. By taking 
the precautions necessary to preserve the sharp- 
ness of the image in the course of successive 
printings, and by choosing for each one of the 
printings an appropriate method (§712), it is 
possible to obtain from a very mediocre negative, 
without any corrective operation whatever, a 
very satisfactory reproduction, in which the 
contrast is increased or diminished to the 
desired degree. 

iNTENSinCATION 

541. Optical Intensification. When a negative 
is placed with its emulsion side in close contact 
with a good white paper or opal glass surface, 
the weak shadow densities appear considerably 
increased compared with the higher densities. 
There is a limit to the maximum density 
measured by reflected light, while the density 
measured hy transmitted light can increase 
indefinitely. Full advantage has not been taken 
of this procedure by which, under suitable 
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conditions, a mediocre negative can yield a Properly conducted intensification may be 
positive transparency from which a copy nega- made to give the same results as would have 
tive of good qu^ity can be produced. been obtained by prolonging development ; it 

The increase in contrast may be offset to some can even give better results, for example, when 
extent by diffusion and reflection of the incident it is feared that, after a certain stage of develop- 
light. Because of this, it has been suggested ment, fog may develop more rapidly than the 
that the white background should be replaced image itself. As would be expected nearly aU 
by a green fluorescent screen which can be processes of intensification give increased granu- 
excited by the near ultra-violet light transmitted larity of the image. 

by a Wood's filter. The small amount of blue In general, intensification should increase the 
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.VcTioN OF A Proportional of a Super-proportional of a Sub-proportional 
Intensifier Intensifier Intensifier 

and ultra-violet radiation whicli may be scat- densities of a negative proportionally. In cer- 
tered is absorbed by a yellow filter, the repro- tain circumstances, as with under-exposed 
duction being made on orthocliromatic or pan- negatives, it may be desirable to intensify the 
chromatic sensitive materials (H. Lewin, 1935). lowest densities to a greater extent. Tins can 
Under certain circumstances good results can be done by means of a silver intensifier (§ 35 l)» 
be obtained by combining one or more trans- One should mistrust intensifiers which yield 
parencies made from the same negative with negatives which are “too clean"; the extreme 
the original and exposing the combination to a clearness of the intensified negative shows that 
parallel beam of light. the fog has not been intensified and consequently 

A negative can be optically intensified by the shadow tones also have not been increased, 
combining it with a thin sheet of Cellophane, in spite of the fact that it is precisely these parts 
sensitized with diazo compounds, on which a of the image which generally are in greatest 
copA^ of the negative has been made by contact need of intensification. The use of such an inten- 
and" developed dry (H. Ravel and F. Luhten- sifier should therefore be confined solely to 
stein, 1929). A similar technique but using a black and white subjects, that is to say, to 
positive transparency in contact with the copies of pen-and-ink drawings or similar 
negative gives the effect of proportional reduc- originals. ' 

tion. It is essential that the intensified image should 

S42. Choice of Method of Intensification. Tlic be as stable as the original negative. Finally, it 
method which, unfortunately, is generally em- is an advantage if the intensified image can be 
ployed (bleaching the image in mercuric chloride further intensified or reduced at pleasure, if the 
and blackening with ammonia) has contributed optimum condition has been passed, 
not a little to the discredit of intensification ; It may be added that the eye is a very bad 
it destroys the details of the shadows and blocks judge of the effectiveness of a method of in- 
up the high-lights ; in addition, a negative tensification, and that visual methods of photo- 
intensifled by this method is very unstable, the metry fail when the image is not quite neutral 
image gradually fading without the possibility (L. P. Clerc, 1912). Thus, for example, the 
of renewing it by any method whatever. For- application to a photographic negatiw of one 
tunately, it is very far from true to say that oil 01 the treatments, which will be desenb^ later 
methods of intensification merit this discredit. under the name of “ sulphide toning, gives 




as— (G.3630) 
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an image which is less vigorous according to 
▼isnal examination, but the effective contrast 
is augmented for printing purposes (A. H. Nietz 
and K. Huse, 1918). 

We recommend the photographer who wishes 
to determine for hims^ the effectiveness of an 
intensifier to intensify half of a spare negative, 
and to print separatdy on the same paper the 
best possible print of each half, comparison being 
made on the prints. 

In spite of the great variety in the methods of 
intens&cation, there are fairly narrow limits in 
the choice of a method giving the best result 
in a given case. 

The amateur photographer will, as a rule, 
prefer methods by which intensification is 
brought about in a single operation (mercuric 
iodide intensifier),' which makes control easier, 
or those methods which do not require the use 
of poisonous materials (chromium intensifier). 

The photographer using miniature negatives 
is limited to those methods of intensification 
which give no increase in granularity. 

The ph3rsicist will prefer, in certain cases, the 
only method yieldi^ exact proportionality 
between densities before and after intensification 
together with perfect stability of the image 
(negative bleached with mercuric chloride and 
then blackened with ferrous oxalate). 

The maker of black-and-white line reproduc- 
tions has often no interest, indeed sometimes just 
the opposite, in preserving the tones of the nega- 
tive, especially when these tones are only due 
to slight spots or to inequalities of illumination 
of the original and are frequently removed 
before intensification by means of superficial 
reduction. He is therefore only concerned with 
the increase of contrast. The negative, bleached 
in mercuric chloride, is blackened by ammonia 
if onW moderate intensification is required 
and if the negative need not be preserved; 
or in silver cyanide, if considerable intensifica- 
tion is sought. 

Lastly, those methods which give great 
intensification are specially useful in saving neg- 
atives a^ch have (mly a faint trace of image and 
which cannot be replai^under better conditions. 

The use of mercury intensifiers is to be avoided 
for very small negatives which require consider- 
able eifiargement, because the graminess is often 
ver^ mui£ incieas^. A negative or positive 
which is to be preserved ahomd not be treated 
with a salt of mercury unless subsequent treat- 
ment is given, which reduces the mercury to the 
metallic state, or to the state of sulphkle; in 


any other case the image is certain to be 
destroyed after a more or less prolonged period. 

543. Mercury Intensification in Two Succes- 
sive Baths, ^^en a negative, in which the 
image is ahnost wholly metallic silver, is treated 
in a solution of mercuric chloride,* the silver 
is converted into a double mercurous-silver 
chloride, a complex white salt having proper- 
ties which are slightly different from those of 
a simple mixture of silver chloride and mer- 
curous chloride or calomel. The chemical 
reaction is represented by the equation 

Ag -f HgCl, = AgHgCl, 

Silver Mercuric MrirurouHvilver 
chloride rhiondr 

In this way the silver adds to itself about 
double its weight of mercury (200 parts of mer- 
cury to 108 parts of silver). At this stage of 
the operation there is exact proportionality 
between the original density and the new density, 
the latter being considerably less than the 
original density. 

As a rule, a solution is used containing about 
30 g merciuic chloride and 5 ml hydrochloric 
or nitric acid in i ,000 ml. Such a solution hardly 
deteriorates at all on keeping; used solutions 
may be kept for further use until the active 
substance is exhausted. 

The presence of traces of sodium or silver 
thiosulphate in the negative due to incomplete 
wasliing causes the formation of opalescent 
patches or spots. 

During the first few moments in the bath 
the image darkens, and by transmitted light 
shows a violet tint : it then gradually becomes 

* Mercuric chloride, commonly known as bicMoridt 
of mofcury or corrosive sublimate, is a colourless salt, 
cj^tallizing in needles, though it is generally sold in 
pieces of fibrous appearance. It is very dense (specific 
gravity 5’4), and is not very soluble in pure water 
(about 7 per cent at 6o*F) ; in warm water its solu- 
bility is greater. It is volatile and is carried over in the 
steam from a boiling solution. Its solubility is increased 
by the presence of acid or of ammonium chloride. It 
is very soluble in alcohol. Mercuric chloride, like all 
other salts of mercury, is a poison which may be sold 
over the counter by registered dispensing chemists 
only ; its solutions should not be allowed to touch the 
skin if the latter is broken. Mercury salts as a group 
attack many metals (gold, silver, copper, etc.), whiw 
are thus amalgamated. Aluminium is strongly attacked 
by it, yielding thread-like deposits of alumina^ Solu- 
tions of mercury salts must not be allowed to touch 
any metals, especially jewellery, and for this reason 
rings must be taken off, and watches must not be 
touched by fingers moistened with these aolntions. In 
the case of a neutral solution, a small amount of mer- 
curic chloride is uniformly retoined by the gelatine of 
negatives which have been bathed in it. 
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white. For proportional intensification the 
treatment is continued until the image, when 
viewed from the back, is seen to be completely 
whitened. In the case of a hard negative in 
which it is desired to intensify the parts of least 
density (sub-proportional intensification) the 
action of the mercuric chloride may be inter- 
rupted before the heavier densities are completely 
bleached. 

After it has been removed from the bleaching 
bath the negative must be washed in sever^ 
changes of water before being darkened. This 
washing should preferably be done with water 
slightly acidified with hydrochloric acid, in 
order to dissolve the mercuric chloride retained 
by the gelatine. 

The layer of gelatine being often very rough 
after treatment with mercuric chloride, any 
abrasion on the image, or a strong jet of water, ' 
can cause tears that after blackening show as 
pin-holes. Similar careful washing must also 
be carried out after darkening by any of the 
processes now to be described. 

544. Darkening with Ammonia. The image, 
bleached and washed as described above, turns 
brown and then black almost instantly when it 
is placed in a very dilute solution of ammonia 
(30 ml per litre). The greater part of the silver 
chloride in the image is dissolved by the ammonia 
and takes with it an appreciable amount of the 
mercury, whilst the residual mercuric salt is 
converted into a black substance which is very 
opaque but not very stable. The mercurous 
chloramide thus formed has the formula 
Hg>H,NCl. 

The optical density is multiplied by a factor 
varying from 1-4 to 17 in the denser parts of 
the image, the higher values of this factor 
corresponding generally with the use of a dilute 
solution of ammonia in which the negative has 
been allowed to remain for a time only sufficient 
just to blacken the image throughout its thick- 
ness. If the image fades after such intensifica- 
tion it cannot be regenmted. 

The ammonia solution employed for blacken- 
ing each negative must be thrown away after 
use. 

As we have already noted, this method of 
intensification, which is not suitable for nega- 
tives with grey tones nor for those to be kept, re- 
duces the clear tones (or at any rate does not 
intensify them) whilst it strengthens the heavy 
densities. 

Transfer from a very acid bath to an alkaline 
bath often causes numerous marldings and some- 


times reticulation of the gc^tine; it has be^ 
recommended, in order to diminish the liability 
to these defects, to avoid all rubbing of the film 
during and after its treatment with ammonia, 
and to add alum (about 3 per cent) to the 
solution of mercuric chloride. 

545. Darkening with Sodium Sulphite. A con- 
siderable improvement in the mercury intensi- 
fication process is made by using so^um sul- 
phite (C. Scolik, 1884) instead of ammonia for 
darkening the image. 

The image darkens almost instantly in a 
solution of sodium sulphite. Half of the silver 
is fotmd in the darkened image, together with 
a quarter of the mercury whi^ was associated 
with it, both metals being for the most part 
reduced to the metallic condition (Chapman 
Jones, 1894), whilst the other half of the silver 
and three-quarters of the mercury go into solu- 
tion as complex sulphites. Secondary reactions 
also slowly occur between the metals in the 
image and in the solution, if the contact is main- 
tained ; there is a deposition of silver, which is 
to some extent added to the image, and to some 
extent replaces part of the mercury. The 
presence of a small amount of silver chloride 
in the image can be demonstrated (as also in the 
case of images darkened by ammonia) by the 
fact that the densities are slightly decreased 
when the negative is placed in a solution of 
sodium thiosulphate. 

As a rule, a solution of about 5 per cent of 
anhydrous sodium sulphite (or 10 per cent of 
crystallized sulphite) is employed in a slightly 
acid condition ; the acidification is effect^ by 
the addition of sodium bisulphite or of an acid. 
Solutions which have been used must be thrown 
away sdter treatment of each negative. 

The intensification becomes a little more 
energetic if, instead of converting the image 
into the mercurous-silver chloride, it is converted 
into the corresponding bromide. This may be 
done by bleaching in a solution containing 
equal weights of mercuric chloride and potassium 
bromide (jog of each, dissolved sei^ately in 
500 ml of water, then mixed). In addition, some 
of the irregularities of intensification are dimin- 
ished, due to the fact that silver bromide it 
much less soluble than the chloride in solutions 
of sodium sulphite. 

Whilst, after teaching in mercuric chloride, 
the factor of the increase of densities for an 
image darkened in sulphite ranges from x*o 
to 1*2 when one goes from low densities to high, 
these values increase to between i-2 and i*6 
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when the ^ negative is bleached with mercuric 
hfomide (or in a mixture of equivalent amounts 
of mercuric chloride and potassium bromide). 

In either case the intensihed image is quite 
stable. 

546. Darkening with Ferrous Oxalate. By 
means of a ferrous oxalate developer (§ 402I , an 
image which has been bleached in mercuric 
chloride is reduced completely to the metallic 
condition without exposure to light being neces- 
sary. This process is so exact that satisfactory 
photometric measurements may be made of the 
lower densities after intensification, the propor- 
tional factor for the increase of density being 
applied. If the gelatine is hardened and other 
suitable precautions are taken, including inter- 
mediate washing, the whole set of operations 
(bleaching and blackening) may be repeated as 
many times as desired, the densities and contrast 
increasing each time with exact proportionality. 
The factor for grow'th of density is 1*45 for each 
intensification. The developer may be used 
several times over. 

This method of intensification is only to be 
recommended for certain scientific applications 
of photography. 

547. Darkening with an Organic Developer. 
Common developing solutions are capable of 
darkening images which have been bleached in 
mercuric chloride or bromide. Due to the chem- 
ical reducing action of the developer, the greater 
part of the metals which would be dissolved in 
solution of pure sulphite is reduced to the 
metallic condition, though the reduction is 
never complete. As mentioned previously and 
for the reasons already given, it is advantageous 
to use mercuric bromide for bleaching. Amidol, 
whilst it is far from giving the greatest intensi- 
fication, gives very satisfactory proportionality 
between the densities before and after intensi- 

' fication. The value of the proportionality factor 
is about 1*18. 

Whatever the developing agent, each portion 
of the solution should be used once only. 

54S. Varioue Other Methods of Darkening. 
A great number of reagents have been suggested 
for darkening images bleached in mercuric 
chloride ; sodium thiosulphate gives only a neg- 
ligible intensification, except for the accidental 
formation of sulphide which generally occurs 
as stains in the lighter parts of the image. Sodium 
i^phide is very largely employed for blacken- 
ing intensified images on wet collodion plates, 
asd in such circumstances gives excellent results ; 
its application to gelatine bromide plates is, 


however, dangerous, because of the intense fog 
which appears if a little of the mercuric chloride 
has been retained by the gelatine. Other 
solutions which may be mentioned as capable 
of giving strong intensification are as follows: 
a very dilute solution of caustic soda, to which 
formalin has been added (Blake-Smith, 1901), 
a solution of stannous tartrate prepared when 
required for use by dissolving a little stannous 
chloride in a dilute solution of tartaric acid 
(Helain, 1901) and many other substances which 
are reducing agents in the chemical sense. 

Special mention should be made of the process 
of darkening by means of silver cyanide (D. van 
Monckhoven, 1879), which is frequently used 
commercially in the copying of originals, since 
it reduces the lower densities (fog, etc.) at the 
same time that it increases the higher densities 
considerably. The darkening solution may be 
prepared by dissolving 25 g of silver nitrate in 
about 500 ml of water and adding in small 
quantities at a time a solution of 20 g of pure 
i)dium or potassium cyanide in about 200 ml 
of water until the precipitate first formed is 
almost entirely redissolved. The volume is then 
made up to 1,000 ml with water. The solution 
may be used several times over. 

549. Single-solution Mercuric-iodide Intensi- 
fier. Intcn.sification in a single solution of 
mercuric iodide was described in 1879 by B. J. 
Edwards. Since mercuric iodide (or bi-iodide 
of mercury, a very heavy red salt, generally 
supplied in the form of powder) is insoluble in 
water, this author proposed dissolving it in 
a mixture of potassium iodide and of sodium 
thiosulphate (in each of which it is separately 
soluble). Later, it was found (Lumi^re and 
Seyewetz, 1899) that the use of sulphite instead 
of thiosulphate permits a slightly more vigorous 
intensification. Whilst a negative which has 
been fixed in a fresh bath may be thus intensi- 
fied after very brief washing, a yellow fog will 
result, due to precipitation of silver iodide, if 
the negative has been fixed in a bath containing 
much silver salt and is badly washed. 

The following baths are used — 

1 11 


PotAHlum iodide , 

Eiwd$ iMmUrt and 

Seyemati 

JOB — 

Sodium lulpfaite, anhydroiui 

. — 

100 a 

Meiouric iodide 

aog 

log 

Sodium thioeuipbate 

Water to make 

log 
1000 ml 

1000 ml 

The first of these 

solutions 

contains no 


oxidizable product, and is more stable than the 
second. Both can be kept for a long time in the 
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dark (earthenware bottles or glass bottles 
covered with black paper). The solutions may 
be used many times so long as they are kept 
away from light when not in actual use. 

In these baths the image is intensified progres- 
sively without changing its appearance; the 
silver is converted into iodide, whilst at the same 
time metallic mercury is deposited on it. It 
seems that the series of reactions occurring in 
this intensification process may be represented 
by the equations — 

2HgIj ^ 3Ag Hgjl, + 2Ag] 

Mercuric lodule Stiver Mercurous iodide Silver iodide 

Hgjij + 2NajS03 =- Hg Hgl„ 2Na2S03. 

Mercurous iodide Suditiiii sulphite Mercury Mercuric iodide dissolved 

in the sulphite 

The process is stopped when the desired degree 
of intensification has been obtained ; the ne*ga- 
tive is then thoroughly w'ashed. 

The image intensified by the first of these 
methods is slightly more stable than that 
intensified by the second. 

In moist air, though more slowly in dry, an 
image intensified in this way becomes yellowish 
(probably due to the formation of a complex of 
mercuric oxide and silver iodide). Absolute 
stability can be conferred on the image by plac- 
ing the negative, after washing, in an ordinary 
developing bath, which reduces the silver iodide 
to metallic silver, or in a i per cent solution of 
sodium sulphide (§ 738) which changes the two 
metals into sulphide without appreciably modi- 
fying the densities of the image. 

A negative, which for the lack of these pre- 
cautions has suffered this alteration of colour, 
may at any time be brought back to its original 
condition after intensification by treating it for 
a sufficient time with a developer or with the 
sulphide solution. 

The action of this intensifier is not propor- 
tional (Nietz and Huse, 1918) ; the action is 
greatest with the lower densities, which is a 
considerable advantage in most cases of prac- 
tical interest, the shadow parts of a negative 
requiring more energetic intensification than the 
image of the high-lights. The lowest densities 
are approximately doubled whilst the higher 
densities are multiplied by about 1-4. 

Altogether the mercuric iodide intensifier is 
one of the most general usefulness. Especially 
for the purposes of Press photographers, who 
often need to give a little sparkle to negatives, 
it has the very great advantage that there is no 
need for the very long washing for removal of 
hypo which is r^uired when using most other 


intensifiers. The possibility of a subsequent 
change in the negative is often a matter of no 
importance. 

A single solution of mercuric sulphocyanide 
has been suggested as an intensifier (Andresen 
and Lcupold, 1899), but, after intensification, 
the image tends to bleach if it is allowed to 
remain in the bath; this can, however, be 
remedied by treatment with a developer. 

550. Chromium Intensification. About 1880 
Edcr suggested as a possible method of intensi- 
fication the conversion of the silver of the photo- 
graphic image into silver chloride by means of a 
solution of bichromate acidified with a little 
hydrochloric acid, and its re-development in a 
pyrogallol developer. In this way, in addition 
to the black image of the reduced silver, there 
is superimposed on it the brown image which is 
formed in the gelatine by the oxidation products 
of the pyrogallol. 

In experimenting with this process, which 
had been forgotten, C. Welbome Piper and D. J. 
Carnegie in 1904 found that the intensification 
was parti}' due to the deposition of a chromium 
compound (probably the oxide) in the image, 
the amount of this deposit being greater if the 
bleaching solution were only slightly acidified. 
The active agent in this intensification appeared 
to them to be a chlorochromaie (produced by the 
action of hydrochloric acid on a bichromate), 
and they found that the silver chloride thus 
formed was developable without exposure to 
light, at any rate if the bleaching bath did not 
contain a great excess of hydrochloric acid; the 
latter, by being partially converted to chlorine, 
yielded ordinary silver chloride, which was only 
developable after exposure to light. For darken- 
ing they recommended the use of an amidol 
developer as lending itself best to the purpose 
of successive intensifications without causing 
frilling of the gelatine. The progressive increase 
of density by repeated intensification has been 
confirmed by photo-micrographs published in 
1916 by W. T. P. Cunningham. 

It has been shown that the mixture of bi<^ 
chromate and hydrochloric acid may be re- 
placed by a pure solution of a chloro^romate 
(Lumidre and Seyewetz, 1919), or by mixtures 
of chromic acid with a chloride (C.H.BcJthamley, 
1918), or of a bromide (L. J. Bund, 1923). 

Lumi^re and Seyewetz consider that, on 
bleaching, only half of the silver is converted 
. into developable silver chloride, the other half 
forming a double chromite of silver and potas- 
sium, a brown insoluble compound which would 
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not be acted on by a developer. In this way 
may be explained the increasing brown colora- 
tion of in^es which have b^ successively 
intensified, as also the decreasing magnitude 
of the efiect of re-repeated treatments. 

For the practical application of this method 
of intensification two stock solutions are pre- 
pared. These by themselves will keep indefi- 
nitely — 

{A) 10 per cent solution of potassium 
bii^omate. 

(B) Ordinary hydrochloric acid diluted to 
ten times its volume with boded water. 

If it is required to obtain varying degrees of 
intensification, heavy, medium or slight, one of 
the following mixtures must be made up at the 
time required — 


Intensibcation 

Strong 

Medium 

Slight 

Solution A . 

10 

20 

20 

S<^ution B . 

2 

10 

40 

Boiled water to make 

100 

100 

100 


The effect of any of these mixtures, given here 
only as an approximate indication, varies very 
much with the nature of the emulsion on which 
the image is obtained. With some plates the 
solutions recommended for weak intensification 
give quite a heavy effect, and in such cases the 
amount of hydrochloric acid must be adjusted. 
The amount of acid prescribed for strong 
intensification may be very much too small if 
the water employed contains much calcium 
bicarbonate. 

The various operations in intensification must 
be carried out in weak daylight or in artificial 
light in order to avoid solarization of the silver 
chloride. The negative is allowed to remain in 
the bleaching bath until all traces of black image 
have disappeared when viewed from the back, 
but it should not be allowed to remain in 
.this bath for a longer time than is necessary, 
otherwise irregular markings are likely to be 
produced. 

Natives must be waited in several changes 
of water until the coloration of the gelatine 
has almost completely disappeared. The washing 
process may be considerably shortened by 
irnmersiiig the negatives, after rinsing, in a 
srdution containing about 5 per cent of sodium 
carbonate. 


The image is then re-developed, preferably 
in a metol-hydroquinone developer. In case 
the bichromate is incompletely eliminated 
(which is possible even after prolonged washing) 
using an amidol developer risks the forma- 
tion of insoluble oxidation products resulting 
in the formation of red spots (W. A. Ermen, 
1928). In some developers the image comes up 
very rapidly at first and then appears not to 
change, though in reality it increases slowly for 
at least a quarter of an hour. 

If the intensification is thought to be insuffi- 
cient it may be repeated ; there is, however, very 
little to be gained by intensifying more than 
twice. The factor of proportionality attains 
successively the following values in the case of 
several successive intensifications, re-develop- 
ment being effected in a metol-hydroquinone 
developer which is only very slightly alkaline 
(P. E. Boucher, 1935)— 

Number of intensifications .1 23 

Factor . . .1-4 1*65 i-8 

Images intensified in this way are quite 
permanent ; their warm black tone renders the 
method very suitable for the intensification of 
lantern slides or paper prints, either for the 
purpose of intensification as such or, by slightly 
increasing the amount of acid, to improve the 
colour. It may be noted that this method of 
intensification, which, incidentally, does not 
make use of any poisonous substance, is ex- 
tremely economic. 

The only objection which may be raised against 
this method of intensification is that it gives 
to the gelatine of some emulsions a granular 
structure which makes retouching difficult, 
though it does not show on printing either by 
contact or on enlarging. 

The sensitometric measurements of Nietz and 
Huse (1918) have shown that, contrary to con- 
clusions drawn from photometric measurements, 
the action of this intensifier is not proportional, 
but is greater in the least dense regions, a 
property which we have already seen to be very 
valuable. 

551. Heavy Intensification with Copper and 
Silm. A method which has been u^ for a 
very long time, especially for collodion nega- 
tives, consists in treatiiig the negative in a 
solution of cupric bromide in which the silver 
. is converted into bromide and at the same 
time fixes an equivalent amount of cuprous 
bromide. 
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The negative, after rinsing, is transferred to a 
solution of silver nitrate, some of which is 
reduced to metallic silver by the cuprous 
bromide; this silver is thus precipitated with 
an equivalent amount of silver bromide in the 
image along with the existing silver bromide. 
After washing, and reducing the silver bromide, 
the amount of silver is exactly three times that 
originally present (Abney, 1877). This method 
is not easily applicable to negatives made with 
gelatine-bromide emulsions; during washing, 
which is much slower than with collodion plates, 
the cuprous bromide is partially re-dissolved or 
re-oxidized and so escap)es reaction. 

The method has been improved by Luther and 
Schreiber (1923), and by G. Zelger (1924), by 
using in the first operation a solution which 
deposits in the image not cuprous bromide but 
a cuprous salt which is absolutely insoluble and 
non-oxidizable, such as cuprous sulphocyanide 
or cuprous iodide. 

As before, the density is exactly trebled by 
intensification; it may be again trebled by 
repeating the process, and thus sufficient con- 
trast may be obtained to print an image which 
exists as a mere ghost, as is sometimes obtained 
with films in which regression of the latent 
image has occurred. 

Care must be taken to avoid uneven action or 
reticulation of the gelatine if the process is 
repeated more than once. 

The " bleaching ” bath (which, as a matter 
of fact, gives a yellow image) is prepared by 
pouring solution (A) into solution (B) — 


Cupper sulphate, cryst . 

5g 

Acetic acid, glacial 

28 ml 

Water to make 

300 ml 

Potassium iodide . 

5g 

Ammonia (22*’ Baum^) . 

46 ml 

Water to make 

230 ml 


Heat is generated when the solutions are 
mixed, and the bath must not be used until 
cool. The mixed solution, which is clear blue in 
colour, should be slightly acid; if it is not, a 
little acetic acid must be added until blue 
litmus paper is faintly reddened by it. This 
solution is quite stable and may be used until 
exhausted. 

The negative is immersed in it until the image 
becomes yellow throughout its thickness. After 
thorough washing it is blackened in a solution 
containing 0*25 per cent of silver nitrate to 
which about x per cent of sodium acetate has been 


added (so preventing the copper nitrate formed 
during the reaction from attacking the 
silver). Before treatment with silver nitrate, 
the negative may be immersed in a saturated 
solution of alum, so preventing combination of 
silver nitrate with the gelatine. 

The silver salts, other than silver iodide 
(chloride precipitated in the gelatine due to the 
use of ordinary water and silver nitrate combined 
with the gelatine), are removed by immersion 
for about two minutes in a bath containing 
about I per cent of ammonia, which has no 
action on silver iodide. 

The process is completed by reducing the 
silver iodide to the metallic state by means of a 
solution of sodium hydrosulphite containing a 
little sodium bisulphite, or by means of an 
amidol developer made alkaline with sodium 
carbonate. 

552. Quinone Thiosulphate Intensifier. This 
is a single solution intensifier specially recom- 
mended for under-exposed or excessively thin 
negatives. It was introduced by Muehler and 
Crabtree (1945) and produces a greater degree of 
intensification than any other known single 
solution intensifier, particularly when used for 
high-speed materi^s. The following solutions 
are required — 


(A) Water (70®F) .... 750 ml 

Sulphuric acid (cone.) . . 30 ml 

Potassium bichromate . 22-5 g 

Water to make .... 1000 ml 

(B) Water (7o'’F) .... 750 ml 

Sodium bisulphite • 3‘8 g 

Hydroquinone • 15*° g 

Wetting agent ( i o per cent solution) 20 ml 
Water to make .... 1000 ml 

(C) Water (7 o“F) , .750 ml 

Sodium thiosulphate (cryst.) . 22-5 g 

Water to make .... 1000 ml 


If kept in stoppered bottles Solution A is stable 
indefinitely while solutions B and C are stable 
for several months. Solution B should be re- 
mixed whenever it becomes appreciably coloured 
as a result of oxidation and solution C should be 
discarded if a precipitate forms indicating 
sulphurization. 

For Use. To one part of Solution A, with 
stirring, add two parts of Solution B, then two 
parts of Solution C. Continue stirring and finsffiy 
add one part of Solution A. The order of mixing 
is important and ^ould be adhered to. 

Negatives should be washed for 5-10 minutes 
and hardened in the following alkaline formal- 
dehyde hardener for 5 minutes at 68®F and then 
warned for S minutes. 
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Water 500 ml 

Formaldehyde (40 per cent solution) 10 ml 
Sodium Carbonate (anhydrous) 5 g 

Water to make .... 1000 ml 


After hardening, immerse in the intensiher 
with frequent agitation to avoid streaking. 
When working in a dish treat only one negative 
at a time. The intensifier should be freshly 
mixed and used only once. Maximum intensi- 
fication is given in about 10 minutes at 68'’F. 
Then washing for 10 to 20 minutes is followed 
by drying as usual. Lower degrees of intensi- 
fication can be obtained by treatment for shorter 
times. 

This intensifier is unique in that the greatest 
intensification is obtained on the images of 
relatively coarse-grained emulsions (medium 
and high speed) while very fine grained materials 
are intensified to a negligible degree. A maximum 
photographic intensification of the order of 10 
times and a significant increase in apparent 
emulsion speed can be obtained. Traces of 
chloride in the water used for preparing the 
intensifier solutions have a great effect on the 
course of intensification, causing a progressive 
decrease in the degree of intensification as the 
concentration of chloride ion increases upwards 
from about 15 parts per million. Thus it is 
advisable to use distilled water. The intensified 
image has a brown tone and is not indefinitely 
permanent, but imder normal conditions of 
korage diould be stable for at least 5 years. 
The intensified image is destroyed by acid 
hypo, so under no circumstances should the 
intensified negative be placed in fixing baths or 
wadi-water contaminated with fixing bath. 

Negatives which have received the maximum 
degree of intensification are appreciably grainy ; 
this is not unexpected since graininess is known 
. to increase with increase in gamma and also 
since maximum intensification takes place in 
the densities where the greater proportion of 
the too large grains occurs. 

553. Othtf liefeods of Inteniiiication. The 
m^ods of intensification described in the 
preceding paragraphs are amply sufficient for 
all practical requirements, so that we shall be 
content to mention only bri^y some others which 
are sometimes used, whfim are in themselves 
curious because of the means empbyed. 

R. B. >VUaey (1919) showed that intensifica- 
tion means of p^ provides a means for 
increasing almost indefinitely the contrast of a 
negative while preserving very fair proportion- 
aUty between the effective final and the initial 


densities. This is done by successive bleachings 
and re-development of the image, using a pyro- 
gallol developer containing only a small amount 
of sulphite— 

Bleaching 


Potassium ferricyanide 

30 g 

Potassium bromide 

log 

Water to make 

1000 ml 

Re-developmknt 

S(xlium sulphite, anhydrous . 

log 

Pyro ..... 

.sg 

Sodium carbonate, anhydrous 

log 

Water to make 

1000 ml 


The bleaching bath keeps for a long time, even 
if used, but the re-development bath should be 
made up in small quantities and used only 
once. 

The factor for the increase of density and 
contrast has the following successive values in 
the case of a negative developed originally in 
metol-hydroquinone . 

Number of In teniificatlont 1 s 3 4 5 

Factor i>7o 9*10 3'40 3-65 9 *Sd 

On the other hand, a negative which has 
been developed in pyro (or intensified by the 
above method) may be reduced proportionally 
by bleaching it in a solution of permanganate 
acidified with hydrochloric acid (§513) and re- 
developing it in any developer which yields a 
black image. 

Intensification by precipitation of silver ac- 
cording to the method adready described for 
physical development before or after fixing 
(§§484 and 486) is especially suitable for fine- 
graini images. It is often an advantage to 
precede this process by immersion in a very 
dilute solution of permanganate acidified with 
sulphuric acid (the reversal bath described in 
§ 537 diluted twenty or fifty times with water), 
and to follow it by treatment with sodium thio- 
sulphate. (This method of intensification may 
be carried out before fixation.) 

The granularity of a negative can be reduced 
without appreciably increasing its contrast by 
applying a variation of blackening by sodium 
sdphide suggested by P. Strauss (1940). This is 
in fact toning the inu^e (§738). The silver 
image is converted to silver bromide by treat- 
ment with a ferricyanide bleach consisting of 
3 per cent potassium ferricyanide, 1*5 per cent 
potassium bromide, and i per . cent sodium 
carbonate. After bleaching, wash well and 
immerse in a i per cent sodium sulphide solution 
containing 0*5 to i per cent sodium thiosulphate. 
(The optimum amount must be determined by 
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trial for each emulsion.) The silver bromide is 
converted to silver sulphide and a small amount 
of the silver bromide is dissolved by the hypo 
from the surface of the grains and reprecipitated 
as colloidal silver sulphide near the grains. 
By this means the spaces between the grains 
are more or less filled thus reducing the apparent 
granularity. 

A method giving great intensification but 
requiring rather delicate manipulation has been 
described by K. Hickman and W. Weyerts 
(1933) : a sulphide-toned image (§§ 736 and 741) 
is placed in a solution of silver sulphite and, 
under the action of a strong artificial light, it 
progressively becomes intensified by deposition 
of silver. After intensification to the desired 
degree the image is rinsed, placed in a fixing 
bath and washed. 

It has been suggested that a negative may be 
intensified by “ doubling ” the image in “ car- 
bon on the gelatine of the negative by the 
Carbro process, or by an image obtained by 
dusting-on, the sensitive layer (bichromated 
glue) being coated on the gelatine face of the 
negative, which has been previously varnished. 
Lastly, It has been suggested that an image 
may be intensified by contraction of the film 
after detaching it from its support. 

Reduction 

554. Choice of a Reducer. The usual reducers 
act by gradually dissolving the silver which 
forms the photographic image, but widely 
different results are obtained according to the 
substance (or mixture of substances) which is 
used for this purpose. 

Uniformity of action of a reducer is obviously 
only possible if it can penetrate to all parts of 
the image at the same speed ; in the case of a 
dry negative, however, and particularly if 
fixation has been done in a bath containing 
alum, the permeability of the gelatine is often 
very different in the various parts of the image^ 
and thus there is a great risk that the process 
of reduction will produce markings which cannot 
be removed. Traces of grease on the negative 
(finger-marks, etc.), even though they do not 
prevent the swelling of the gelatine, cause the 
reducer to penetrate more slowly, and so cause 
trouble. Wnere necessary, these traces of grease 
must be removed by cleaning with pure benzene 
or petroleum spirit. The addition of wetting 
agents (§ 459) can facilitate the uniform pene- 
tration of the reducer. If, therefore, reduction 
has not been carried out before drying the nega- 


tive, the latter should be soaked in water until 
the gelatine has swollen uniformly, which will 
sometimes require three or four hours. 

The characteristics of a reducer depend 
largely on the dimensions of the grains forming 
the image, and on the distribution of these 
grains in the depth of the layer; hence there 
are considerable variations in effect according 
to the type of emulsion, and even with nega- 
tives of a given emulsion developed under very 
different conditions. 

Differences have been noticed in a given 
negative in the reduction of areas of equal 
density produced by different rays, or corres- 
ponding to latent images of different ages at 
the moment of development (C. Jausseran, 1933). 

The various reducers may be schematically 
. classified into three groups — 

1. Subtractive reducers. 

2. Proportional reducers. 

3. Super- proportional reducers. 

Subtractive reducers are very active solvents of 
silver. They attack the silver almost as fast as 
they penetrate the film of gelatine, so that the 
different densities in the image are decreased by 
approximately the same amount (Fig. 34.4), 
and if the action is allowed to go on too long 
some parts of the image may disappear alto- 
gether. These reducers are specially suited 
for the clearing of fogged negatives. They 
are generally chosen for local reducers in 
relouching. 

A proportional reducer decreases every density 
in the image in the same proportion. This may 
be brought about by converting the silver of 
the image into a less absorbing substance or 
mixture of substances (Fig. 34.5), e.g. by blue 
toning (L. P. Clerc, 1899) iodizing the 

image. The removal of the same fraction of the 
quantity of silver at every point of the image is 
never realized except, approximately, by the 
use of solvents whose action is so slow as 
to be negligible during the time taken to 
penetrate the film of gelatine. These re- 
ducers are most suitable for diminishing the 
contrasts of negatives which have been over- 
developed. 

A super-proportional reducer removes a greater 
proportion of the silver from the dense parts 
of a negative than from the lighter parts, as 
if its action started from the support of the 
film and moved outwards towards the surface 
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of the gelatine (Fig. 34.6). The only reducer 
known to belong to this group is ammonium 
persulphate ; it dissolves silver slowly, and its 
activity is increased by the silver sulphate 
product in the course of the reaction (auto- 
catalytic reaction). 

Lastly, in certain cases, it is required to reduce 
only the dense parts of the negative. This may 


solution of sodium thiosulphate. In this very 
unstable mixture, which generally loses its 
activity (recognized by the decoloration) in a time 
varying from a few minutes (mixture of highly 
concentrated solutions) to a few hours (mixture 
of very dilute solutions), the ferricyanide con- 
trols the activity of the mixture, the concen- 
tration of thiosulphate being always sufficient 



Fig. 34.4. Characteristic 
Curve showing the Action 
OF A Subtractive 
Reducer 


Fig. 34 5. Characteristic 
Curve SHOWING the Action 
OF A Proportional 
Reducer 


Fig. 34 6. Characteristic- 
Curve SHOWING the Action 
OF A Super-proportional 
Reducer 


be done indirectly by allowing the solvent of 
silver to act only after all the silver contained 
in the surface layers of the film has been con- 
verted into an insoluble compound. 

In using any of the reducers of the first 
three groups, the negative should always be 
withdrawn from the bath a short time before 
Uie desired effect has been produced, because the 
lolution of the silver continues during the first 
moments of washing. 

Sub tra c ti ve Reducers. Whichever of the 
remioersof this class may be used, anything which 
tends to increase the rate of solution of the silver 
(increase in concentration of the active sub- 
stance) or to diminish the velocity of penetra- 
tion into the gdatine (excessive swelling of the 
film, thickening of the liquid, etc.) exaggerates 
the peculiar character of this class of reducer. 
The converse tends to make these reducers 
behave in a proportional manner. 

The concentrations recommended later are 
averages which may be increased or diminished 
as desired. It must, however, be borne in mind 
that the use of cdmparativdy highly-concen- 
trated reducers rendm control diffic^t tmless 
ag^ass didt, illuminated from below, is employed. 

Palmer’s Reducer. The oldest known of 
the subtractive reducers (H. Farmer, 1884) is a 
mixture (prepared when required for use) of a 
sdution of potassium ferricyanide^ with a 

* FatBWiiim Iwricyanide, sometimM ttill caUed ** rad 
praniato of potsib,'^' ocean in cryiUlt o( intenae md 
oolottr having the fommla ]^Fe|(CN)|g. Thecryttsliare 


to give rapid solution of the silver salt which is 
formed. 

The ferricyanide converts the silver to silver 
ferrocyanide which is dissolved by the thiosul- 
phate if the latter is present in excess. 

The reaction is as follows — 

4K3Fe(CN), -h 4Ag AggFeiCN), 

+ 3K,Fe{CN), 

If the ferricyanide is in great excess, 15 per cent 
ferricyanide -f 0-5 per cent anhydrous thiosul- 
phate, an unstable solution is formed in which 
intensification by sulphide toning of the image 
may occur (Kickman and Hecker, 1934). 

Practised workers, in judging how to mix the 
two stock solutions, are guided by the depth of 
colour of the mixture. At first it will be suitable 
to mix in equal volumes a i per cent solution of 
potassium ferricyanide and a 10 per cent solution 
of sodium thiosulphate. 

By making the mixture alkaline with a little 
sodium carbonate (Stiirenberg, 1^3) or with 
ammonia (R. Namias, 19x0) it will retain its 

often covered with an ochre-like layer due to exposure 
to the air; this should be washed off before a solution 
is prepared. The salt is very soluble ih water (solutions 
up to 30 per cent may be prepared in the cold) ; its 
concentrated solutions have a 3reUowish brown colour, 
whilst dilute solutions are greenish yellow. These 
solutions are unstable, especially in light, becoming 
partially converted into ferrocyanide. For this reason 
large quantities should not be dissolved at one time, 
although for use as a reducer its solutions may be 
stabUii^ by means of sodium chloride added in amount 
doable that of the ferricyanide. 
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activity considerably longer and its rate of at- 
tack on the silver be retarded a little ; at 
the same time the somewhat persistent colora- 
tion of the gelatine by the ferricyanide will be 
prevented. 

In order to avoid irregular action, the dish 
must be rocked during the whole process of 
reduction. The negative must be rinsed every 
time it is taken out of the bath for purposes of 
examination, otherwise streaks of lighter density 
may occur. 

As a solvent of the silver ferrocyanide, the 
thiosulphate may be replaced by cyanides 
[poisonous) or by the alkaline sulphocyanates ; 
the mixtures thus formed are very stable. 

557. Permai^anate Reducer. A very dilute, 
acidified solution of permanganate (R. Namias, 
1899) behaves as a reducer. It is very economi- 
cal and its action is not quite so entirely sub- 
tractive as that of Farmer’s solution. 

The foUowing mixture is made up when 
required — 

Potassium permanganate, 0-4 per 
cent solution . . 3 to 5 ml 

Sulphuric acid, 2 per cent solution 3 to 5 ml 

Water to make . 100 ml 

Instead of the water, a 2 per cent solution of 
alum may be used in order to avoid the softening 
of the gelatine in warm weather. 

The silver is dissolved in the form of sulphate ; 
a part of this is precipitated as the chloride by 
the chlorides present in the water used for 
making up the solutions or in rinsing the nega- 
tive. In addition the negative becomes brown 
due to the manganese dioxide formed in the 
partial reduction of the permanganate. Both 
of these substances may be removed by im- 
mersing the negative in a solution containing 
about 10 per cent of sodium bisulphite, followed 
by washing in several changes of water. 

55S* Otto Subtractive Reducers. Of the 
many other reducers having practically identi- 
cal properties, mention may oe made of those 
which may be kept ready for use and which can 
be used several tmies. 

The following may be included in this group: 
a mixture of ferric oxalate, sodium sulphite, and 
sodium thiosulphate (BeUtski, 1883), which is 
perfectly stable in the dark. A modified formula 
(J. 1 . Crabtree and L. E, Muehler, 1^32) which 
active for about three da^ without 
special piecautions, would appear to be the most 
pmect of superficial reducers, all the densities 
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being decreased by the same value (E. L. Turner 
and W. J. Smith, 1935)— 


Ferric chloride, cryst. . 

• 25 g 

Potassium citrate . 

• 75 g 

Soda sulphite, anhydrous 

• 30 g 

Citric acid . 

. 30 g 

Hyposulphite of soda, cryst. 

. 200 g 

Water to make 

. 1000 ml 

Also a solution of potassium bichromate acidi- 


fied with sulphuric acid (10 g bichromate and 
10 ml acid made up to 1,000 ml), which may 
be made up as a very concentrated stock solution 
(E. Gosselin, i88g) ; a solution obtained by 
adding to a solution of sodium thiosulphate a 
solution of cuprammonium sulphate which is 
prepared by adding ammonia to a solution of 
copper sulphate until the precipitate first formed 
is re-dissolved in a large excess of ammonia 
(Prunier and Mathet, 1892) ; lastly a solution 
containing about 5 per cent of cerium (ceric) 
sulphate (poisonous) acidified with sulphuric 
acid (Lumiere and Seyewetz, igoo). 

We may also mention, but only to advise the 
avoidance of its use, the possibility of reducing a 
negative by a very dilute solution of h^’pochlorite 
of soda (eau de javeUe), which acts mechanically 
by dissolving the gelatine, so removing the sur- 
face layers of silver. 

559. Proportional Reducers. Quinone Re- 
ducer. The addition of sulphuric acid to the 
extent of about 20 ml to 1,000 ml to a saturated 
solution (0-5 per cent) of benzoquinone (ordinary 
quinone) furnishes a reducer (Lumi^re and Seye- 
wetz, 1910) which has more recently been found 
(R. Luther, 1923) to act almost proportionally 
on the various densities. This solution, which is 
clear yellow, gradually turns brown, and finally 
gives a brown deposit. An image which has been 
reduced in this bath acquires a slightly reddish 
tint. It is necessary, after reducing and brief 
rinsing, to bathe the negative for some time 
in a solution containing about 10 per cent of 
sodium bisulphite before proceeding to the final 
washing. 

Ferric Sulphate Reducer, A very dilute solu- 
tion of a ferric salt which is quite free from 
chlorides and bromides (a condition which is 
generally satisfied by ferric ammonium alum 
which is a ciystalUne salt of pale rose-violet 
colour), and which is acidified by a little sulj^uric 
acid, forms a reduto which is almost exactly 
proportional in its action and keeps Well (H. 
Krause, 1919). Tim solution employed may 
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usefully be a 2 per cent solution of the salt in rain 
water or distilled ^^'ater containing about 0-5 per 
cent of pure sulphuric acid. After rinsing, the 
negative is bathed for some time in a very dilute 
solution of sulphuric acid before the final 
washing. 

Permanganate and Persulphate. A mixture in 
suitable proportions of the subtractive acid-per- 
manganate reducer with the super-proportional 
persulphate reducer forms a reducing solution 
of intermediate character, the action of whidi is 
almost proportional (N. C. Deck. K. Huse and 
A. H. Nietz, 1916). 

The bath must be prepared when required 
for use by mixing the following substances in 
the order given, each one being dissolved 
separately in a small amount of water — 

Potassium permanganate 010 g 

Sulphuric acid (1 per cent solution) 60 ml 
Ammonium persulphate 10 g 

Water to make 1000 ml 

The time required for reduction is from 2 to 
5 minutes. The negative* is then rinsed and 
bathed for 5 minutes in a solution containing 
about 10 per cent of sodium bisulphite before 
being washed in several changes of water. 

560. Ammonium Persulphate Super-propor- 
tiOM^ Reducer. The selective action of alkali 
persulphates on the higher densities of photo- 
graphic images was discovered in 1901 by 
A. and L. Lumi^re and A. Seyewetz. who 
specially recommended the use of ammonium 
persulphate.^ It must, however, be stated that 
with negatives which have been developed with 
paiaminophenol (and only in this case) ammo- 
nium persulphate behaves sometimes as a 
subtractive reducer. 

Various cases have been discovered in which 

1 Ammonium persulphate is obtained in small 
colourless crystals having the composition (NH4)gS,0,. 
The substance readily absorbs moisture from the atmo- 
sphere and then becomes unstable. The salt should be 
stored in well-stoppered bottles. When a bottle of 
persolphate is opened a smell of ozone is often notice- 
able, this substance being formed together with the 
inactive sulphate when the salt is partiidly decomposed. 
Ammoninm persulphate is very soluble in. cold water 
(more than 30 per cent), but the solution is not very 
stable and It is advisable to prepare only a small 
amount of solution at a time (in the presence of 20 per 
cent <d sodium sulphate these solutions may be kept for 
several days without alteration) ; persulphates are at 
once decomposed by boiling water. 

Piotasiinm persulphate is much less soluble (i '7 pm 
cent at 6o*F), but for this reason much easier to obtain 
pure. It may be used instead of ammonium persulphate 
as a reducer of {diotographic images. 


reduction by persulphate is prevented or retarded 
by certain dyes adsorbed on the silver of the 
image during previous treatment (Ltippo- 
Cramer, 1928). 

Persulphate converts silver into silver sul- 
phate, which, in proportion as it is formed, 
tends to accelerate the attack on the remaining 
silver. 

(NHJ,S, 0 « 4 2Ag - Ag^SO* -f (NH.),S 04 

Ammon pertulphjte SUvit Silver sulphate Ammon, sulphate 

The presence of chlorides, which is practically 
inevitable, causes trouble (E. Stenger and 
H. Heller, iQio) if the amount of sodium 
chloride is as much as o-oi per cent : this is 
noticed as an exaggerated superproportionality 
with a discontinuity in the reducer for a certain 
density; this value of density is raised by 
increasing the amount of chloride present (G, 
Higson; S. E. Sheppard, 1921). It will thus be 
understood that reduction by persulphate may 
be impossible uith tap water which is relatively 
rich in chloride, such as may be found in some 
coastal districts. 

Certain reducers which, in the absence of 
chlorides, hardly ever behave in a way other than 
subtractively can, when a suitable amount of 
chloride or bromide is added to them, dissolve 
the silver of the high densities, whilst that of 
the low densities is converted into chloride or 
bromide. 

The presence of chloride in a persulphate 
reducer shows itself by the formation in the 
bath of a slight white precipitate round the dense 
parts of the negative. 

The rate at which persulphate attacks the 
silver varies considerably with the acidity of 
the substance. The action is controlled by the 
addition of a trace of sulphuric acid or of a very 
small quantity of a silver salt (even of a small 
amount of an already-used solution) or of iron 
alum (Sheppard, 1918-1921) ; all these sub- 
stances slightly dimmish the risk of poisoning ** 
by chlorides. 

The reducing bath is prepared when required 
for use as follows — 

Ammonium persulphate . 2 to 3 g 

Sulphuric acid* O'Z g 

Water to make 100 ml 

The reduction, which is comparatively slow 
at first, graduadly gains in speed and may be- 
come too rapid. The action of the bath must be 
stopped a Uttle before the desired effect has 

* A solution of atmut 1 per cent of sulphuric acid may 
be made up and to ml used for 100 ml of the bath. 
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been attained; this is done by plunging the 
negative, without intermediate rinsing, in a solu- 
tion of about 10 per cent of anhydrous sodium 
sulphite, which at the same time dissolves any 
traces of silver chloride formed in the film. The 
negative is then washed in several changes of 
water. 

The microscopic observations of J. I. Pigg 
(igo4) and of W. Scheffer (igo6), on tests carried 
out on identical pieces of the same scale of 
tones before and after reduction with persulphate, 
showed that the persulphate acts simultaneously 
throughout the thickness of the film and attacks 
the large grains first. 

561. Reduction of Granularity by means of 
Indirect Proportional Reduction. A. Scyewetz 
{if)38) recommended the following method of 
proportional reduction giving the benefit of the 
fine grain of negatives developed in parapheny- 
lene diamine. 

The silver image is converted into silver 
thiocyanate by bleaching in a solution con- 
taining 10 per cent of potassium ferricyanide 
and 0*5 per cent potassium thiocyanate. After 
rinsing, the image is re-developed in a developer 
containing 6 per cent anhydrous sodium sul- 
phite and 1 per cent paraphenylene diamine 
(fre(‘ base). By this means the gamma is reduced 
(o*8 to 0*5 in one treatment) without undue 
reduction of threshold speed. The image pro- 
duced on a high-speed emulsion without special 
precautions in development may thus yield an 
image with a granularity comparable with 
that of a fine-grain emulsion. 

The fact that no silver can be detected in the 
developer solution afterwards suggests that the 
reduction in grain size so apparent in photo- 
micrographs, is due to a change in the structure 
of the silver resulting in more compact grains 
than those originally present. It is not certain, 
however, whether this treatment results in a 
genuine reduction of graininess in the print, 
since the negative of lower gamma will have to 
be printed on harder paper. * 

562. Indu^ Reduction of Heavier Densities. 
The image is treated in a bath containing about 
2 per cent of potassium ferricyanide and 2 per 
cent of potassium bromide, in which it gradusiUy 
bleaches. The operation is interrupted by wash- 
ing in plenty of water a little before the higher 
densities have been completely bleached; the 
remaining silver is then dissolved in a solution 
of potassium permanganate acidified with acetic 
acid (R. Namias, 1911-1925). 

After dissolving the residual silver, the nega- 


tive is washed thoroughly and is transferred to a 
solution containing about 10 per cent of sodium 
bisulphite which decolorizes the gelatine and 
dissolves the acetate and bromide of silver 
formed ; it is then re-developed in any ordinary 
M.Q. developer whilst exposed to weak light. 

It is also possible to protect the greater part 
of the silver against the action of Farmer's 
reducer by transforming it into silver sulphide, 
or by toning it with gold or selenium. The silver 
can also be converted to bromide or chloride 
and re-developed superficially, the unreduced 
silver halide being dissolved in a fixing bath. 

WORKING-UP 

563. General Notes. By the term “ working- 
up " is meant the various methods of correcting 
negatives by hand in such a way as to modify 
the relative printing values of certain areas of 
the image which have a simple outline. This 
may be done in order to remedy any irregularity 
arising from faulty working in making the nega- 
tive ; or it may be to improve the rendering, for 
example, by reducing the contrast, which is 
sometimes great, between sky and foreground 
in a landscape or between the lights and shadows 
of an interior photograph; or to obtain the 
details of the image of white clothing, or to 
subdue the too pronounced details of a back- 
ground on a portrait negative or on the- negative 
of a commercial subject. 

In all the methods of working-up involving 
the application, with a brush, of an intensifier, 
a reducer, or a dye, it is an advantage to use 
liquids which are sufficiently dilute and to carry 
out the operation by successive applications of 
the same reagent. In this way the appearance 
of sharply-defined edges to the area treated 
may be avoided ; such sharp edges, if they do 
occur, frequently do not coincide exactly with 
the outline which is inten^ded to be followed. 
The edges of partial, successive treatments 
overlap one another to some extent, and give a 
graded effect which is much less obvious. 

These operations are best carried out on a 
retouching desk, and if they have to be done 
as a matter of commercial routine the use of 
folding desks .is to be avoided. These are by 
no means steady and do not give sufficient 
support to the forearm. The amateur may 
construct an illuminated table by placing a 
strong piece of glass on two boxes. The under 
side of the glass must be covered with white 
tracing paper and may be illuminated by mesms 
of light diffused from an inclined sheet of white 
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cardboard. The light may be supplied to the 
latter from a window or lamp which is screened 
by a blind from the view of the operator. 

564. Local Intenstfication and Reduction with 
a Brush. In order to allow of control, it is 
necessary to choose methods which make use 
only of a single solution and which do not 
produce more than temporary coloration of 
the gelatine ; thus the mercuric iodide intensifier 
and Farmer's reducer, or one of their variants, 
are suitable. 

If the sodium or potassium cyanides (danger- 
ous poisons) are obtainable, they may be used 
with advantage in 4 per cent solution to replace 
the solution of sodium thiosulphate in this 
reducer. A stable mixture is thus obtained which 
does not leave the slight yellow coloration of 
fenicyanide; this is useful for dealing with 
paper prints which are to be locally reduced. 

The operation is preferably carried out on the 
wet negative, which has bera well wiped. The 
negative is mounted horizontally and illumin- 
ate from below (for reducing a sky. it may. 
however, be held almost vertically, vdth the 
image of the sky at the bottom). In order to 
help the liquid to adhere to the gelatine and to 
prevent its excessive diffusion on to neighbour- 
ing regions, its viscosity may be increased by 
di^lving sugar or by substituting glycerine or 
glycol for a part of the water in the mixture. 
In the case of reduction, the negative must be 
rinsed between each application. 

565. Local Tintiiig of the Gelatine. Working 
up may be done by the additive method of 
tinting those parts of the negative which are 
too dear, or by the subtractive method of 
noilormly tinting the gelatine and then de- 
colorizing it in those parts of the negative which 
are too deep. Which method is preferable 
depends on the relative areas of the parts 
to be tinted and to be left plain. 

For additive tinting one chooses a water 
solution of a dye which is absorbed by the 
gelatine but is not fixed by it. and which may 
therefore be completely removed by washing 
in cases udiere it izdesir^ to obtain the negative 
again in its original condition. Of the subs^ces 
complying with these conditions are notably 
nam cocane, giving a poppy-red colour (F. 
Schmidt. X9i3y, or naphtfudene black A (G. L. 
Wakefidd. 193^) and tartraxine, a lemon-yellow 
dye. When using coccine the work can be con- 
trolled better 1^ placing a blue-green filto- 
bdiind the negative as the visual density is 
then little difioent from the printing density 


although actually a little higher (H. Cartwright, 
1935). The first trial applications should be made 
very carefully, only experience being able to 
teach the effect of a given intensity of colouring, 
red or yellow. 

At the start a comparatively concentrated 
stock solution of one or other of the dyes is 
prepared, and from this stock solution are made 
up two solutions for use ; one of these is so dilute 
tl^t a single application by means of a brush on 
a transparent part of the gelatine produces 
only a very weak coloration which can hardly 
be seen; the other is about five times more 
concentrated. The colour is applied with a 
sable brush No. 2 or No. 3 for very small sur- 
faces. No. 4 to No. 8 for large surfaces, according 
to the size of the negatives. 

The brush, soaked in the diluted solution and 
well wiped, is moved over the parts to be tinted 
without breaking contact between the brush and 
the gelatine until all the liquid has been ab- 
sorbed. The brush is re-charged and wiped, and 
the process continued, returning as often as 
necessary to the same parts, and, if necessary, 
allowing the gelatine to dry when it becomes 
saturated with water. It is only by the super- 
position of a great number of very thin layers 
that perfect uniformity is obtained, and slight 
errors of outline are made negligible. The more 
concentrated solution is only used when a 
certain amount of skill has been acquired, and 
even then only to obtain very intense tints; 
in any case it is as well to prepare the film 
by at least one treatment with the diluted 
solution. 

For subtractive tinting a uniform yellowish- 
brown coating is produced by bathing the 
negative for some time in a solution of potassium 
permanganate containing i g per litre, without 
any addition of acid. After the negative has 
bem rinsed and dried, local decolorization is 
carried out by means of a dilute solution of 
sodium bisulphite (e.g. 5 parts of the commercial 
solution diluted to 100 parts), thickened with 
glycerine or gum arabic (R. Namias. 1914). 
When the work is finished, the negative 
must be washed in a strong stream of 
water or shaken vigorously in a large d&ah of 
water. 

566. Local Abciakm of the Negstife. In order 
to dimini^ the density of small areas of the 
image, the surface of the gelatine may be rubbed 
down by means of the finger or a piece of 
wash-leather with a Uttle powdered pmkv or 
powdered cuttle-fish bone; if a leas vigoroui 
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treatment is required, the rubbing may be done 
with a wad of flannel gr a skin stump soaked 
with metal-polish, or merely moistened with 
alcohol. 

Abrasive pencils are sometimes used. These 
are prepared as follows : melt some hard paraffin 
wax and thoroughly mix into it some very 
finely powdered pumice. The amount of the 
latter should be as great as possible, while 
allowing the mixture to be poured. Mould in 
paper cartridges which have been made by 
rolling paper round a pencil. After the wax has 
set, the pencils may be peeled for the whole or 
part of their length, and may be pointed for 
allowing work to be done on very small sur- 
faces. When a negative has been worked up in 
this way any grease is removed from it with 
light petroleum spirit (Kate Smith, 1925). 

567. Work on the Back of the Negative. A 
little carmine (moist water-colour) may be 
applied with the finger to the back of a glass 
negative, so as to cover uniformly those parts 
which are to be blocked out ; the boundaries of 
these parts may be overstepped, and in such 
cases the excess may be removed with a moist 
duster, followed by a moistened brush. Printing 
must be carried out in diffused light, so that the 
thickness of the glass will prevent the outline 
of the work from showing too clearly in the 
print. 

The back of a glass negative may also be 
covered with colourless or tinted mat varnish. 
Those parts which are to be clearly printed are 
then cut away with a scraper or with a wad 
moistened with alcohol, according to the area 
of the part to be treated. Parts which need 
darkening are covered with colour, as above, or 
are worked up with blacklead (graphite, plum- 
put on with a dry brush or with a soft 

stump. 

An excellent mat varnish of average grain 
may be prepared according to the form^a given 
below. The resins are dissolved in the ether^ in 
a flask fitted with a sound wood cork. When 
they have dissolved, a process which may take 
several days in spite of frequent shaking, the 

^ Ether, sometimes Mrrongly called sulphuric ether, 
is a very volatile liquid the vapour of which is very 
heavy and inflammable. It must be stored in well- 
corm bottles. The handling of ether, or the prepara- 
tion of a mixture containing ether, must not be carried 
OS near a fireplace or flame. The mat surface of this 
varnish is due to the sandarmch used being insoluble in 
bensene, and so being precipitated, during the evapora- 
tion of the ether, in minute grains enclosed in a trans- 
parent layer of mastic. 


benzene is added slowly, and the mixture is 
allowed to stand at least a week before the clear 
liquid is decanted— 


Ether , . 700 ml 

Sandarach . 65 g 

Mastic (tears) 15 g 

Benzene to make zooo ml 


A finer grain is obtained by increasing con- 
siderably the amount of ether; on the other 
hand, a slight increase in the amount of benzene 
gives a much coarser grain. The mat varnish 
may be coloured yellow by dissolving a certain 
amount of aurantia in it. 

The precautions necessary tor spreading the 
mat varnish on the glass side of the negative 
are described later in the paragraph dealing 
with varnishing (§575). The chief thing to 
avoid is the application of any varnish to a 
place already dried. A negative on which the 
varnishing has not been successful may be 
cleaned by rubbing with a wad of cotton wool 
moistened with methylated spirit. 

None of these methods is suitable for film 
negatives, but equivalent results may be ob- 
tained by working on a thin sheet of mat cellu- 
loid or on a piece of tracing paper which is fixed 
to the back of the film by pieces of cellulose 
tape. 

568. Reduction of Contrasts by Soft Positive. 
It has often been suggested (A. Leitnei, 1890) 
that excessive contrast in a negative may be 
compensated by placing against its back a soft 
positive transparency taken from the same 
negative. A special “ auto-retouching ” printing 
frame was indeed constructed (E. Artigue, 1903) 
for this purpose ; with this apparatus a suitable 
transparency, which had been previously printed 
in the same frame, could be interposed in correct 
register. 

This method is frequently used to reduce the 
contrast of subtractive cplour transparencies 
(Kodachrome, Agfacolor, etc.), for the making 
of paper prints. The positive is then usually 
called a mask. 

569. Blodjdng-out The object of blocking- 
out is to obliterate ail traces of background in a 
photograph which could not be taken against a 
white ground; the shadows cast by an object 
standii^ on a white ground are also obliterated 
by this method. The professional worker 
generally avoids these shadows by arranging the 
objects on transparent glass and photographing 
them frenn above. The glass is supported above 
a well-flluimnated white background and far 
enough from it to itrevent any shadows being 
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projected. For this, one of the following 
methods may be used. The negative may be 
worked-up by tinting the gelatine in the way 
previously described (§ 565), or an opaque paint 
may be applied, either to the glass side (for a 
portrait in whi^ the outlines are not usually 
very clearly marked) or to the gelatine surface 
(photographs of furniture, machines, etc., in 
which the outlines are sharply defined). Water 
colour body-paint or water colours (chrome 
yellow, vermilion, india red, etc.), or a solution 
of 20 per cent bitumen in turpentine thickened 
with a little* wax, or special opaque paints may 
be applied with a brush or pen (at least for the 
outlines) to a breadth of about half an inch. 
Areas beyond this band may be masked by 
covering them with opaque paper. Good water- 
colour brushes, giving fine points, must be used. 
Before starting work it is advisable to remove 
all traces of grease from the surface of the 
negative by rubbing lightly with a wad of linen 
or cotton soaked in methylated spirit. In order 
to dilute the colour to the desired strength and 
to make sure of rapid drying, alcohol, or a 
mixture of alcohol and water, may be used. 

^0. Spottiiig. Spotting is the process by 
which the clear spots on a negative (dust, air 
bubbles, scratches, etc.) are touched out. For 
this purpose very small sable brushes are used ; 
these, when moist, must give a very fine point. 
It is usually impossible to match the density of 
the spot exactly with that of the image, and 
thus it is usual to try to produce a slightly 
greater density in the spot than exists in the 
surrounding image. The work is then finished 
by retouching the positive prints. 

Spotting is carried out on a well-illuminated 
retouching desk. The ground glass of the desk 
should be masked with a sheet of black paper 
having an opening of small diameter. The 
different parts to ht spotted are then brought 
one by one over this opening, so that attention 
is concentrated on the spot to be treated. 

For this purpose black water-colour, more or 
less diluted, may be used, or indian ink thickened 
with gum arabic* or strong liquid glue (usually 
obtained in tubes); or blad^ad mix^ in a 
little negative vaniish (§576). Mistakes may 
then be cleaned off by means of alcohol, but 
n^atives which have been retouched in this 
way cannot be varnished unless a varnish is 
chosen which has no action on the resins of that 
previously used. 

Hie work is followed through a lens. It is 
essential not to allow the colour to go so far 


as to form a ring round the hole to be filled, 
otherwise the defect is made worse. For very 
small holes, the colour used must be fairly thick ; 
only a little must be placed on the brush, and 
the latter must be held perpendicularly to the 
surface of the negative. 

Retouching 

571. The Purpose of Retouching. As a rule, 
the term " retouching ” (negative retouching) 
is used to describe work done on the gelatine of 
a negative with a pencil and knife. Retouch- 
ing corrects certain technical faults in negatives 
and. above all, faults of modelling. It is an 
almost universsil rule in portrait photography to 
tone down or suppress wnnkles. freckles, and 
superfluous hair, to accentuate some lights and 
to lessen shadows which are too deep ; often to 
modify an expression, and sometimes even to 
change the form of the face. 

In professional practice retouching on the 
negative may be replaced by employing make- 
up on the model using a similar technique to 
that employed in film studios where retouching 
is impossible. 

No retouching is admissible on negative.s 
whose interest is scientific, historical, or docu- 
mentary. 

As a matter of principle, retouching should 
never be employed to make up for faults if the 
opportunity is available to avoid them by 
making a new negative under better conditions. 

The beginner must be patient and should 
practise as much as possible on waste negatives. 
He will save a great deal of time if he can 
arrange to take some lessons from a practised 
retoucher. 

The amateur who wishes, in an exceptional 
case, to retouch one of his own pictures, will 
save time by making an enlargement, on which 
all corrections may much more easily effected, 
then making from this enlargement a negative 
of the size required. 

572. Retouching AppUanoes. The retouching 
desk, large and firm, should be installed for 
preference near a north-light window, and at 
such a height that the retoucher may work 
seated before it without having to lean forward. 
Blinds must be arranged to screen both desk 
and worker from light at the sides and back. 
For work with artificial Ught it is often advan- 
tageous to cover the usual mirror with a sheet 
of white mat paper. 

The folding desks described in many cata- 
logues should, as far as possible, be avoided. 
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They may, however, be considerably improved 
by replacing the silvered mirror with which 
they are fitted by a mat opal glass, and the 
ground glass serving as a support for the nega- 
tive by a piece of clear glass. 

The knives should be of very good quality 
and very carefully sharpened ; one may use a 
surgeon's lancet, a vaccinating pen mounted in 
a solid penholder, or a large tailor’s needle of 
which the point has been hammered and ground 
so as to obtain an edge formed by two surfaces 
inclined at about 45°, the needle then being 
fixed in a wooden handle, or mounted in the 
handle of an engraver’s needle. A small oil- 
stone (Arkansas stone, white and translucent) 
is used for sharpening the scrapers ; the surface 
of this stone must be kept soaked with mineral 
oil. Sharpening is finished with a razor strop. 

It has also been suggested (R. Demachy, 1905) 
that engraving tools and the triangular scrapers 
used by engravers should be used for removing 
details or undesirable reflections from negatives. 
For local abrasion of the film, the use of a 
scraping brush of metal or glass wire has been 
recommended. 

We must also note the use of stippling tools, 
which are similar to pencil shells. In the inside 
of one of these tools is a point which is actuated 
by a minute electric motor, either with a to-and- 
fro motion or with an eccentric circular motion. 

The pencils for negative retouching are of the 
best-quality graphite, selected from the ^oups 
F, H, HH, and B, or the bare leads of similar 
grades mounted in the corresponding lead 
holders, inside which the leads may be com- 
pletely covered in order to protect them when 
not in use. 

The letters constituting the distinctive marks 
of the various grades of pencil are the initials 
of the adjectives firm, hard, and black. The 
repetition of the letters H and B correspond to 
grades which are of increasing hardness or 
blackness. It must be remembered that the 
bare leads increase in diameter on passing frorii 
the hardest to the blackest, and therefore lead 
holders marked with the same letters should be 
used so as to avoid confusion. 

For some time past use has been made of 
lead holders in the interior of which the lead is 
actuated by longitudinal to-and-fro movements 
or by eccentric circular motion. 

Pencils should have long and very regular 
points; the wood is cut for a length of in. or 
2 in., care being taken not to break the lead. 
A little square of emery paper is then folded in 

*4— (G.3630) 


two with the emery inside ; this is held between 
the thumb and first finger of the left hand, and 
the lead of the pencil is introduced into the fold 
and turned between the fingers of the right 
hand, at the same time giving it a to-and-fro 
movement. 

Pencils will not as a rule mark bare gelatine 
or the varnishes generally employed to proteef 
negatives: the surfaces must first be prepared 
by means of a special varnish (retouching 
medium). 

In order to allow of pencil work without 
varnishing, the negative may be treated with 
powdered pumice gently rubbed in by circular 
movements of the palm of the hand. 

Retouching medium may be prepared by 
dissolving gum dammar in benzene, or, better, 
in a mixture of equal volumes of benzene and 
turpentine. The proportions are 0*5 to i*o g 
to 100 ml, and a few drops of oil of lavender or 
castor oil are added. 

The outfit of the retoucher should also include 
a good lens, and in order to avoid the fatigue 
resulting from the unequal use of the eyes with 
ordinary lenses, we cannot too strongly recom- 
mend the use of binocular lenses making use of 
both eyes, these lenses are generally fixed to 
the head by means of a ribbon, or by side pieces 
as in the case of spectacles, thus leaving both 
hands free. 

573. Technique of Retouching. Work with 
the knife should always precede that with the 
pencil and it must not be lost sight of that the 
retoucher should always restrict his work to 
what is absolutely necessary, being guided by 
a good print from the negative. 

Since gelatine always retains a considerable 
amount of moisture which does not allow of the 
best conditions for working, it is advisable, 
before commencing retouching, to dry the 
negatives by placing then} for some time in an 
oven or near a fire, taking care not to melt or 
soften the gelatine. 

The knife is used by its point or its edge, 
according to the extent of the marks which have 
to be erased or the outlines to be modified ; it 
must be handled very lightly in the same way 
that it would be used to remove an ink mark 
on paper; avoid any heavy cuts which would 
pierce the gelatine. It must always be remem- 
bered that the pencil must be used on the 
scraped parts in order to finish the work and 
to equalize the density on the scraped parts 
with those of the surrounding areas. 

Before proceeding to retouch with the pencil 
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it will be necessary to cover the portions to be 
worked on with a very light coat of medium. 
For this purpose, a very small wad of cotton 
wrapped neatly in linen is used with a drop of 
the medium on it, or the end of the huger may 
be used. The excess may be removed by rubbing 
with the palm of the hand. 

Local application of medium to an unvarnished 
negative sometimes leaves a slight halo. This 



Fig. 34.7. Strokes Used is Pencillinc; a 
Negative 


may be avoided by previously cleaning the 
negative with a wad soaked in a little turpentine. 

For preference, the hardest pencil capable of 
giving the desired effect will be used ; thus the 
B pencil will be kept for those parts of which the 
daisity is to be considerably increased. The 
pencil should be applied very lightly in dots of 
fine hatching, straight or curved, or in over- 
lapping circles. Each mark should be so light as 
to be Wdly visible by itself ; the direction of 
the marks should follow the general lines of the 
subject. Fig.' 34.7 shows on an enlarged scale 
some of the styles commonly adopted for re- 
touching. The pencil should always be applied 
very lightly, the pressure being slightly greater 
in &e middle of each mark than at the extremi- 
ties. If it is required to darken certain parts 
of the image considerably, they must be worked 


over several times, each time putting on the 
marks at 45° to their preceding direction. Any 
retouching work which is too heavy may bie 
lessened by knifing ; moreover, at any time work 
may be entirely removed with a little turpentine. 

During the process of retouching, it is weU 
to examine the negative from time to time by 
turning it gelatine side downwards on the desk 
in order to judge the effect better. 

Parts which arc not dark- enough, due to 
insufficient pencil work, may also be treated by 
stippling them with a fine brush moistened with 
enmson lake (water-colour). 

After the retouching has been finished a trial 
print is made and is carefully compared with 
the original print. 

574. Added Backgrounds. Some photo- 
graphers occasionally pose their models in front 
of a black background, filling in a background 
to the negative by subsequent work on the glass 
side. One of the methods used for this purpose 
is very old (La Blanch^re, 1863), and has even 
been used by some celebrated painters to make 
“negative drawings" of pictures and so to 
furnish an infinite number of prints by means 
of photographic printing. The negative (or 
plain glass) is placed on a black ground (velvet, 
cloth, paper) and the desired design is drawn on 
the glass by painting with white body-colour ; 
it thus appears as a positive by reflection and a 
negative by transmitted light. 

For very simple backgrounds (draperies, 
clouds, etc.), a very light and uniform layer of 
finely-powdered red chalk may also be deposited 
on the glass ; this is worked on by wiping off with 
a cloth or stump. In this way only very feeble 
contrasts can he obtained, but the effect may 
be very agreeable. The work is protected by 
spraying with a “fixative" or by covering with 
another sheet of glass. 


CHAPTER XXXV 

VARNISHING, STRIPPING, NUMBERING, CLASSIFICATION, AND 
STORAGE OF NEGATIVES 


575. Varnishing of Negatives. The varnishing 
of negatives ensures them against numerous 
accidents. It is advisable for negatives which 
are required for large numbers of prints, and 
which in time may become scratched by rubbing. 
Varnishing is strongly recommended for nega- 
tives which have been retouched to any extent, 
but it is essential, in this case, to make sure, by 
trial on a waste negative, that the varnish to 
be used will not destroy the pencil retouching 
by dissolving the film of medium which serves 
as a substratum. Finally, when enlarging by 
direct light, varnishing of the negative lessens 
the effect of minor superficial scratches which 
are not noticeable in contact prints. Certain 
varnishes, called hoi negative varnishes, can be 
used only if the negative has been previously 
warmed to a temperature of at least go^F. 
Unless this is done, a mat surface is formed by 
condensation of the moisture in the atmosphere 
on the surface of the varnish, which is cooled 
by the evaporation of the solvents. 

Warming of the negatives is dispensed with 
if cold negative varnishes are used, the only 
precaution necessary being thorough drying of 
the negative beforehand. Varnishing of nega- 
tives should never be carried out in a damp or 
cold room. 

A number of satisfactory varnishes are sold 
commercially but, if preferred, any of the 
formulae in the following paragraphs are 
suitable. 

576. Preparation of Varnishes. Varnishes pre- 
pared with alcohol are generally used for glass 
negatives, and, since tl^y do not dissolve the 
dammar of the medium, can also be applied 
to retouched negatives. Ordinary collodion to 
which a very small quantity of castor oil has 
been added is occasionally u^ ; and a solution 
of celluloid in amyl acetate is sometimes em- 
ployed. Alcohol varnishes should never be 
applied to films (which seldom require varnish- 
ing), as the alcohol dissolves the camphor, which 
is one of the essential constituents of celluloid. 
Instead, a water varnish for retouched negatives, 
or a benzene varnish in the case of unretouched 
ones, should be used. 

It should be borne in mind that the various 
solvents usually employed in the preparation 


of varnishes are inflammable; if it is desired, 
therefore, to hasten solution of the resins by 
warming the mixture, the operation should not 
be carried out near a naked flame. Ether, or 
any mixture containing ether, should never be 
heated. All risk of fire can be avoided by the 
use of non-inflammable solvents, such as car- 
bon tetrachloride and other chloro compounds, 
in the preparation of varnishes. 

Hot Negative Varnish. The following varnish 
will take retouching quite easily, and is com- 
pounded in the cold or over a moderately 
warm water bath. 

Sandarach . • ^ 5 ° g 

Essence of lavender or aspic 15 ml 

Alcohol, 96 per cent, to make . 1000 ml 

Cold Negative Varnishes. Waste pieces of cel- 
luloid film can be used in the preparation of 
the following varnish, after they have been 
washed and dried — 

Celluloid . . 15 to 20 g 

Amyl acetate to make loco ul 

For unretouched negatives, one of the follow- 
ing varnishes, which take work with a pencil 


easily, can be used — 

Sandarach . . . . 100 g 

Acetone 4^0 g 

CrystalUzable benzene . . 400 ml 

Denatured alcohol to make . 1000 ml 

or — 

Powdered copal resin . , . • 5 ° g 

Gum dammar 20 g 

Carbon tetrachloride to make 1 000 ml 


The latter must be prepared boiling and filtered 
while hot. 

Water Varnish for Films. White gum lac 
(125 g) are dissolved in 250 ml of alcohol. When 
dissolved, 200 ml of concentrated ammonia are 
added. Tlie gum lac is thus precipitated in a 
finely-divided state, and the whole should be 
shaken several times to re-dissolve it (to a soapy 
resinous state). Boiling water is added to brii^ 
it to a volume of 1,000 ml, and the whole is 
kept on a water bath for a while. The liquid is 
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never quite clear and should be used only after 
it has stood for some time. 

Benzene Varniih for Films. A 2 per cent solu- 
tion of gum dammar in crystallizable benzene 
is used. The film should be allowed to diy^ for 
several days, otherwise it might adhere to any> 
thing with which it is pressed in contact 

577. Application of Varnish. Plates to be 
varnished should be thoroughly dru^d by keeping 
them for some time near a source of heat. A 



Fig. 35 1. Manipulation in Vaknishing a Negative 

drying cabinet in which hot air circulates is 
very useful. 

For cold varnishing, the plates are first 
dried in this way and then left to cool. When 
cold carefully dust the plates just before the 
application of the varnish. The Imack of coating 
the varnish can be acquired after several trials, 
but its description is somewhat lengthy . Fig. 

shows the various stages of the operation. 
The plate is balanced on the fingers of the left 
hand and kept level under the thumb at the 
left-hand comer. The varnish is poured on to the 
centre of the plate until it covers about one-third 
of the surface. It is then allowed to spread until 
the liquid reaches *the two side^ of the comer 
opposite the thumb. By careful manipulation, 
th^ comer is inclined, then the other comers in 
succession, care being taken that the varnish 
does not reach the thumb and run up the arm. 
When the whole of the plate is covered, it is 
raised first at an angle of about 45** and then 
vertically, allowing the excess of varnish to 
drain into the bottle. While draining, the plate 
should be rocked from side to side to prevent 


streakiness. The negatives should then be put 
to dry, away from dust. 

For hot varnishing, both the plates and the 
varnish are first warmed, and the coating carried 
out preferably over a hot slab or a stove, 
observing the same precautions as given for cold 
varnishing. 

Films can be varnished by immersion in a 
dish which is filled with varnish to such a depth 
that the film is completely covered. After a few 
minutes, having ascertained that there are no air 
bubbles under the film, the latter is slowly lifted 
out, allowed to drain for a minute or two, and 
finally hung up by a comer until completely dry. 

When using a water vami.sh, the films can, 
if required, be varnished as they come from the 
last wash water. 

578. Removal of Varnish from Negatives. 

Glass negatives, which have been varnished, and 
which have been subsequently found to require 
after-treatment, can be cleaned by allowmg 
them to soak for some time in denatured (indus- 
trial) alcohol in which 2 per cent of caustic soda 
or caustic potash has been dissolved. The \'ar- 
nish very soon becomes milky and can then be 
easily removed by gentle rubbing with a wad of 
cotton wool soaked in the alcoholic solution of 
soda. The negative is then washed in several 
changes of water and put to dry. 

The varnish from a water-varnished film 
negative may be removed by immersing in a 
very’ weak solution of caustic Si>da (about i per 
cent) to which about 20 per cent of industrial 
alcohol may be added to avoid excessive swelling 
of the gelatine. The operation is completed by 
gentle rubbing with a tuft of cotton wool, and 
washing in several changes of water. 

Gum-dammar varnish can be removed from a 
film negative by prolonged immersion in rectified 
benzene (crystalUzable benzene would evaporate 
too quickly). The cleaning is completed by 
rubbing with a wad of cotton wool impregnated 
with crystalUzable benzene, and the negative 
put to dry. 

579. oiling of Paper Negatives. Prints may 
be made from paper negatives without treating 
the latter specially, but exposure is considerably 
prolonged, since the paper absorbs an appreci- 
able proportion of the incident light. 

To shorten the exposure it is usual to make 
the paper translucent by impregnating it with 
a varnish or a fatty substance. It is essential 
in this case not merely that the paper be dry, 
but it should be dri^ by heat immediately 
before appl3dng the treatment; otherwise the 
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water imprisoned in the fibres prevents the 
penetration of the substance into the pores in 
places, and considerably accentuates the grain 
of the paper, which is then more marked than 
if the paper had not been oiled. The paper 
should be dried before a fire or in a hot-air oven. 

The most practical method of oiling consists 
in painting the back of the negative (placed on 
the bottom of an upturned dish to avoid any 
projections) with a brush dipped in liquid 
paraffin. Two applications should be made with 
an interval of one hour between, and the oiled 
paper left for about two hours, afterwards 
removing any surplus oil by pressing between 
blotters. 

580. Stripping Glass Negatives. Stripping, 
that is to say, detaching the emulsion from the 
glass support, is used for certain methods of 
printing which require a reversed negative, or 
to save a negative which is cracked but not 
broken (§ 528) or, on occasions, to reduce the 
space occupied by a collection of glass nega- 
tives. The emulsion layer can either be pre- 
served as such, or mounted on a fresh support. 

To avoid tht' swelling of the gelatine when 
removed from its support, it must be well har- 
dened. Preferably the plate should be kept at 
least one hour in a 3 per cent solution of chrome- 
alum or ordinary alum, quickly rinsed to avoid 
crystallization of the alum during drying, 
wiped down and dried. In the case of emergency 
formalin may bo used (§ 5ig). Whatever 
method of stripping is employed, the gelatine 
film is first cut through to the glass with a 
scalpel, razor blade, or a very sharp pen-knife, 
either about a quarter of an inch from the edge 
of the plate, or as far as may be done without 
encroaching on the required subject. 

Commercially, a i per cent solution of hydro- 
fluoric acid, is generally used for the purpose, 
which frees the gelatine by dissolving the surface 
of the glass to a slight extent. 

Concentrated hydrofluoric acid (solution of 
about 50 per cent) is very dangerous to handle* 
a drop falling on the hand causes a blister which 
takes a long time to heal, and inflammation 
which spreads up the arm. In dilute solution 
the acid is no longer dangerous. Whatever its 
concentration, it dissolves glass, stoneware, and 
all usual metals, and can therefore be sent, 
stored and used only in containers (bottles, 
funnels, and dishes) of gutta-percha, c 4 r 4 sine, 
inoulded synthetic resins, or possibly in suscep- 
tible materials protected by a thick coating 
of varnish or paraffin wax. If stripping is 


carried out only occasionally, the difficulties 
arising from the use of hydrofluoric acid can 
be avoided by employing less drastic methods. 

It is possible, for instance, to use a mixture, 
prepared at the moment of using, of equal 
volumes of a 5 per cent solution of sodium 
fluoride, and of a 5 per cent solution of hydro- 
chloric acid or i per cent solution of sulphuric 
acid (measured in volumes). 

After a few minutes the emulsion layer 
becomes detached. To make sure, the margin 
beyond the out is tried with the finger-tip. 
The whole layer may then be lifted off. For 
this purpose, a sheet of paper (preferably 
parchmentized, also called sulphurized paper, 
or, failing this, good quality white paper) 
larger than the negative, is previously put to 
soak in a dish of water. This sheet of paper is 
"now placed on the negative, which is laid flat 
on the table, and, working from the centre 
outwards, the water is expelled by means of a 
squeegee or a soft, thick, rubber roller. A comer 
of the paper is then gently lifted until a corner 
of the negative is visible. If the emulsion has 
not come away with the paper, it should be 
lifted with a blunt point (such as a soft pencil) 
to make it adhere to the paper and, taking hold 
of both paper and emulsion with the fingers, it is 
pulled off with a gentle and even movement. 
The emulsion thus taken off with the paper can 
then be transferred to its final support. 

The above method, although quite suitable 
for small and medium sizes, is difficult for the 
treatment of very large negatives owing to the 
fragile nature of the gelatine film. In such cases 
the emulsion should be strengthened, before 
making the marginal incision, by coating it 
with a 2 per cent solution of collodion to which 
a little glycerine is added, and then left to 
dry. 

If the negative emulsion layer is to be kept 
as such for making prints which require a re- 
versed negative, it should be coated with a 
syrupy solution of rubber before collodion 
varnishing, and left until the excess of solution 
has drained off and the greater part of the 
benzene evaporated. Prolonged immersion in 
the bath of fluoride solution is necessary for 
the liquid to penetrate completely between the 
film and the glass. 

581. A slower but very certain method 
(Liesegang, 1892, perfected by H. Drouillard, 
1903) consists in placing the negative to be 
stripped, after it has been cut round the edges, 
in the following bath for at least half an hour 
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canlMmfC there all night). This bath can be 
used repeatedly — 

Sodium carbonate, anhydrous . 30 to 40 g 

Formalin . . 50 ml 

Glycerine . . 10 ml 

Water to make . 1000 ml 

On removal from this solution, the surface 
of the negative is blotted off. and^ without any 
rinsing, it is then left to dry completely, hasten- 
ing the latter process, if necessar>% by gentle 
warming. The drying rack should be placed in 
a clean dry dish, as the him sometimes comes off 
while drying. If the emulsion does not then 
peel off easily the dry negative is placed in a 
solution containing about 5 per cent of hydro- 
chloric acid. This causes an effervescence, some 
of the carbon dioxide gas thus evolved being liber- 
ated between the emulsion and the glass. In this 
way the emulsion becomes detached, or at any rate 
its adhesion is so reduced as to allow of its being 
removed on to paper as described above. 

Finally, attention should be called to the 
following rapid procedure, which is very suit- 
able for negatives of small size and which 
can be used after washing but before drying 
them (A. Popovitsky, 1900). The negative is 
immer^ for 10 to 15 minutes in a saturated 
solution of potassium carbonate (§426), in 
which about 5 per cent of caustic soda or potash 
has been dissolved. The negative is then dried 
between blotters, polished with a soft cloth, and 
a cut made round the part required. One of the 
comers is then lifted with a penknife and the 
film detached with a gentle pull. 

582. Stripping of Film Nerves. It is some- 
times necessary to strip the gelatine emulsion 
from film negatives, even although such nega- 
tives, being extremely thin, can be printed from 
either side satisfactorily, provided care is taken 
to avoid poor contact. 

To remove the emulsion it has been proposed 
(Lumi^e. 1903) to swell the celluloid base by 
immersing it in one of its solvents, such as 
acetone, to which ^ough water has been added 
to prevent solution. 

Also, the following process has been recom- 
mended (Eastman Kodak Co., 1922). The sur- 
face of the negative is coated with a 6 per cent 
solution of gelatine, flowed on at the lowest 
possitfle temperature. After drying, the film is 
placed in a strong solution of fonnalin (25 to 
50 per cent of the commercial liquid) for about 
ten minutes, and then a^ain dried. A cut is 
then made with a penknife, and the negative 


placed in a 15 per cent solution of acetic acid, 
when, after a few minutes, the emulsion layer 
can be detached from the support. 

583. Transfer of the Emulsion Layer to a New 
Support. When the emulsion layer is to be 
transferred to glass or celluloid, the latter should 
be previously coated with an adhesive, such as 
a weak solution of gum arabic, or with a solution 
of gelatine of about 10 per cent strength poured 
on while hot and allowed to set to a jelly. When 
the new sujjport is to he celluloid, this gelatine 
should be dissolved in glacial acetic acid of 
about 10 per cent strength, after which about a 
quarter of its volume of alcohol is slowly added, 
so as to make the gelatine adhere to the cellu- 
loid. For the cKcasional stripping of a negative 
a fixed-out and well-washed film or plate can 
be us(*d. The iilm can also be transferred to a 
piece of jXTfectly clean glass which has been 
polished with French chalk or coated with a 
solution of wax in ether ; after drying the film 
on this temporary support, it is coated with a 
syrupy solution of rublx'r, allowed to dry, and 
finally given a coat of collodion or celluloid 
varnish. 

Either before or after transferring to the final 
support, the film should be washed with water 
to get rid of the salts used in the stripping 
process ; when the washing is done before trans- 
ferring, a piece of plain glass, larger than the 
film, is placed on the bottom ol the dish on 
which the film can be lifted out without risk 
of tearing it. 

Care should be taken to put the right side of 
the film in contact with the support. The side 
will vary according as the film is placed on a 
temporary or a final support, or if it is to be 
used for making direct or reversed prints. If, 
when the film has been taken off on a piece of 
paper, the upper surface is not that which must 
come into contact with the support, it can be 
transferred to another piece of paper and then 
applied to the prepared surface of the final 
support, which has been evenly wetted (or 
coated with a solution of gum, if this adhesive 
is used). The excess of liquid is removed with a 
squeegee or a rubber roller. 

584. Removal of the Gelatine Coating on the 
of Film. When the gelatine coating on the 

back of a film has been stained or scratched it 
can be removed fairly easily (J. 1 . Crabtree and 
F. E. Ross, 1926). To do t&s, the emulsion 
side of the film is applied to an adhesive surface, 
and perfect contact is ensured by passing a soft 
nibbCT roller or squeegee, care b^g tato that 
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there is no defect in contact at the edges of the 
film in a width of about f in. 

The waterproof adhesive surface can be of 
glass covered with rubber (coated at least 
30 minutes previously with a thin layer obtained 
by evaporating a syrupy solution containing at 
least 5 per cent amyl acetate), or glass covered 
with a coating containing vinyl resins, or sur- 
gical rubber strapping. The back surface is 
then moistened with a mixture of equal 
volumes of water and acetone. When the work 
is finished the film is separated from the 
adhesive and cleaned with petrol. 

585. Removal of Emulsions from Waste 
Glass and Celluloid Negatives. In cleaning off 
the emulsion from old negatives and for re- 
covering the silver contained in the films, the 
simplest method consists in softening the gela- 
tine by long immersion in water to which a small 
quantity of caustic soda has been added, and 
then dissolving it by placing in very hot water. 
The partly melted gelatine is then scraped off 
and the cleaning of the support completed by 
leaving it for a minute or two in a very weak 
solution of sodium hypochlorite followed by 
rinsing in cold water. 

Commercially, various enzymes are used to re- 
move the gelatine by digestion. Celluloid films 
which have been freed from gelatine with caustic 
soda and insufficiently washed have been known 
to ignite spontaneously while drying. 

Another method is to soak the gelatine in a 
solution of sodium carbonate of about 10 percent 
strength to which a little caustic soda has been 
added; when dry, the film is stripped off by 
treating with hydrochloric acid, it being of course 
unnecessary to take any of the precautions given 
above for proper stripping. 

586. Titles, etc., on Negatives. Numbers, 
titles, and signatures may be added by cutting 
out the letters from a dense part of the image 
with a fine-pointed graver, or by writing with 
a pen on a lighter part. TTie latter method is pre- 
ferable, being quicker, and the work is of better 
quality. Instesid of writing in ink, which requires 
the use of a retouching desk, it is simpler to 
use yellow water-colour which has been thinned 
to a suitable consistency. Ihe writing is then 
quite visible by reflection, and can be done with 
the negative flat on an ordinary table. It may 
be uselul to write from left to right, as is the 
practice of engravers and lithographic draughts- 
men, on the negative, tum^ upside down, 
making the characters as ^own in the accom- 
panying specimen (Fig. 35.2). After a few hours' 


practice it is possible to write in this fashion quite 
readily and without using a specimen. 

For engraving negatives there have been 
placed on the market bronze styles fitted in an 
insulated handle and heated to about 176'^F, and 
connected to alternating current by a small 
electric bell transformer. The hot point melts 
the gelatine, leaving a transparent line with sharp 
edges. Another more complicated method for 
transferring an inscription on paper to gelatine 
has been suggested. The inscription is written 

0JS348e.\88 

bdi.8inAMxXi 

8pcq6i8|i|l|(|iuuo 

MObOBSinAMXA! 

VBCDELCHnKrW 

Fig. 35.2. Reversed Types for Titling Negatives 

on glazed paper, using a glass pen, with a very 
concentrated solution of potassium ferricyanide 
thickened with a little gylcerine and to which a 
small quantity of blue dye may be added. The 
paper is transferred to the gelatine surface 
which has been previously moistened in the 
required place. When it, has been in contact 
with the gelatine for a few minutes, i.e. when 
the silver has been attacked, the silver ferro- 
cyanide so formed is dissolved out in a fixing 
bath. The negative should then be washed. 

In the case of negatives made for large num- 
bers of prints, the title is generally set up in 
type, and printed on to the negative. Special 
rubber t3rpe is sold giving an imprint similar 
to that shown in the specimen. When the letters 
have been assembled in the type holder, they are 
printed on a thin part of the negative with a 
greasy ink. The density of the imprint is in- 
creased by dusting over with a little blacklead, 
^terwards brushing off the excess: the lead 
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adheres to the greasy ink and not to the dry 
gelatine. 

Another method is as follows. Using a good 
t3T)ewriter, from which the ribbon has been 
temporarily removed, the title is written on a 
piece of ver\^ thin paper which has been placed 
between the prepared surfaces of two pieces of 
unused black carbon paper. In this way the 
letters are printed on l^th sides of the paper at 
the same time, thus obtaining sufficient density. 
This is then attached to the negative and the 
two printed together. A clear area for the title 
may be formed on the negative as foUo^-s. 
A black gummed strip is stuck on the emulsion 
before exposure, on the side corresponding to 
the bottom of the picture. This is detached before 
processing so as to allow free access for the 
fixing solution (E. J. Kloes, 1925). 

Titles to print white on a background can 
also be set up in type and transferred to the 
negative in various ways. The impression can 
be made on thin sheets of Cellophane with a very 
stiff ink and moderate pressure, dusting over 
with blacklead as above while the ink is still 
tacky. The titles are then cut out, and the 
printed side fixed to the gelatine with a ver\' 
weak solution of gum arabic which has been 
applied on the part to be covered. 

Ihe imprint can also be made on lithographic 
transfer paper with a good transfer ink. The 
titles, when cut out, are placed face upwards on 
a pad of damp blotting paper, and covered with 
some dry blotting paper to prevent their curling 
up. 

After a few minutes the soluble layer of the 
transfer paper becomes sufficiently moistened, 
and the printed surface of each strip can then 
be applied to the gelatine of the negative in the 
requi^ position, causing it to ad^re by pres- 
sure with the fingers. The back of the paper is 
dried with two applications of dry blotting 
paper, and the tranker done by pressure with 
a burnisher. After some time (jud^ng the cor- 
rect length of time is the beginner’s only 
difficulty; it is therefore advisable to take at 
least two proofs of each specimen, so that one 
can be u^ to experiment with on a waste 
negative), the back of the paper is moistened 
with a paint-brush, a comer raised with the 
point of a penknife, and the paper lifted smoothly 
ofi. When the gelatine is d^, the ink impression 
is strengthened by powdering with blacldead. 

Titles which have frequently to be repeated, 
such as a trade-mark or a signature, can be 
copied on a contrasty plate or film from the 


original. The prints can be made on transfer 
paper or on a very contrasty plate from which 
the emulsion is stripped, and applied while 
wet to the gelatine of the negative. 

For titles to print black on a light part of the 
picture, a film negative of the desired text can 
be transferred to the negative after having 
scraped off the gelatine from an area to receive 
it, the title negative being secured with a weak 
solution of gum-arabic. The text can be made, 
for instance, \i'ith the help of a stencil of the type 
used by industrial artists or for titling amateur 
cine film, and which permits of normal or re- 
versed writing at will. 

In the case of a signature which has to aj)pcar 
in black on a white ground, a method of double 
printing is generally used. A negative of the 
signature is made on a contrasty film or plate, 
any small defects being carefully blocked out 
on the dense portion, and the sides extended 
with masks of opaque paj^r. After exposing the 
sensitive paper under the negative of the subject, 
it IS then exposed under that of the signature, 
adjusting the latter to a suitably chosi'n position, 
or setting it against stops of thin cardboard 
cemented to the signature negative. 

587. Classification of Negatives. A methodical 
classification is necessary' in order that negatives 
required for any purpose can be found without 
loss of time. To this end, all negativ^es should 
be numbered and arranged in numerical order. 
Since negatives of different sizes cannot be kept 
together without risk of accident, it is advisable, 
in order to avoid mistakes, to adopt a separate 
series of numbers for each size. Each size then 
forms a series designated by a letter which 
precedes the number. 

An index of the negatives will naturally be 
carried out differently by a professional, amateur 
or research worker, classification being according 
to commercial importance in the first case, 
whilst technical information is of primar>^ im- 
portance in the last two cases. 

Such a file-index, besides containing numerical 
classification data (negative number, date, type 
of subject), and particulars of accounts (details 
of the order, agreed price, amount of deposit, 
promised date of ddivery, amount payable) 
may also contain any information which is 
likely to explain the cause of a failure or deterior- 
ation, and any facts which will enable one to 
profit in the future by the experience gained 
(camera used, number of plate-holder, lens 
aperture, plate used, light-filter, lighting, ex- 
p^ure, and any further details). T^e register 
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may also contain any data which might facili- 
tate the future use of the negative (suitable 
methods of printing, the best conditions for 
printing or enlarging, the most desirable method 
of mounting proofs, etc.). 

In some cases the index can be usefully 
supplemented by a complete collection of actual 
prints contained in an album or card-index file. 
All or some of the particulars mentioned above 
(with, of course, the exception of accounts) may 
then be WTitten at the side or on the back of the 
print instead of in the register. 

588. Storage of Negatives. The most econ- 
omical method of storing glass negatives, and 
that which requires the least space, is to keep 
them in the cardboard boxes in which they were 
originally packed. Each negative should be 
protected by a wrapper of some kind, on which 
the scries letter and the number of the negative 
is written, to avoid the negative being scratched, 
or the retouching, working-up, or title on the 
negative being rubbed off. These wrappers 
should be, if possible, fairly transparent so as to 
allow the negative to be identified without 
removing it from its wrapper. In the case of 
glass negatives kept in a box it is quite satis- 
factory just to use interleaving sheets of paper 
giving the necessary information, instead of a 
complete wTapper for each plate. 

The transparent envelopes usually sold for 
negative storage are quite suitable for films, 
but totally unsuitable for plates. The sharp 
edges of the glass cut the envelope when the 
plate is slipped in, and after a certain amount of 
handling, the edges of the envelope wliich 
overlap the plate become creased and bent. 
Again, the film side of the negative should never 
be allowed to come into contact with the 
gummed part of such envelopes, since gum of 
bad quality has been known to cause deteriora- 
tion of the image. 

The boxes should be kept on shelves in the 
same way that volumes are placed in a book-^ 
case, and labels indicating the lowest and highest 
numbers of the negatives contained therein 
should be stuck on the side of the box or lid, 
exposed to view. Apart from the fact that this 
arrangement of the boxes on edge allows of 
their being taken out and replaced without 
disturbing the others, the boxes of negatives 
suffer th6 least possible strain, and are therefore 
less exposed to accidents. Owing to the consider- 
able weight of a fair-sized collection of glass 
negatives, the shelves ^ould not be fixed with 
brackets nailed to the walls or partitions, but 


should be supported either by iron brackets 
securely screwed to the wall, or by wooden 
supports fixed to the wall and resting on the 
floor, placed close enough together to prevent any 
appreciable sagging of the shelves. 

Similar arrangements could be adopted for 
storing a small quantity of film negatives, each 
film being protected by a transparent envelope 
or in an album containing envelopes of trans- 
parent paper for this purpose. For large collec- 
tions, the negatives may be kept vertically as 
in a card index, in suitable boxes or drawers. 
Negatives should be stored in a room which is 
neither very damp nor very dry. 

589. In Great Britain the storage of celluloid 
in the form of sensitive film or celluloid negatives 
is subject to the regulations set forth in “ Statu- 
tory Rules and Orders, 1921, No. 1825 ” (H.M. 
Stationery Office, London, Edinburgh, Man- 
chester, Cardiff, and Belfast, price id.), under 
Section 79 of the Factory and Workshop Act. 

As regards sensitive films, kept on premises 
in a quantity which as a rule does not exceed 
141b., storage in a drawer or cupboard in a 
private office or other room in which no handling 
of celluloid is done, is officially regarded as com- 
plying with the requirement for '* safe storage.” 

The regulations in respect to developed nega- 
tives will depend to some extent on the amount 
of such negatives. Where the latter are of 
considerable weight, they require to be kept in a 
fire-resisting store, such as a cabinet or cupboard 
constructed of fireproof material, e.g. sheet 
metal, asbestos sheeting, or wood effectively 
treated to resist flame. This store requires to be 
of soimd construction and is to be kept locked. 
The door or lid needs to be so arranged that 
there is no naked light or open fire near at hand. 
The store should not be situated in a workroom 
where celluloid is handled, nor on a staircase, nor 
near a door, nor in a passage through whicli 
persons might have to pass to escape in the event 
of a fire. The nature of the contents should be 
clearly marked on the outside of the store, and 
a cautionary notice put up prohibiting the use 
of naked lights. An adequate supply of buckets 
of water should be kept always available close 
outside the store, water being the best extin- 
guisher of burning celluloid. 

The foregoing recommendations are for general 
guidance, and are subject to modification, 
according to the quantity of celluloid, or on 
account of the design of the building or nature 
of the processes, at the discretion of the District 
Inspector of Factories, 
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590. A great number of photochemical reactions 
are known on which processes for producing 
photographic positives can be based. There are 
also various reactions by means of which the 
substance forming the image produced by the 
action of light can be modified, thereby altering 
its colour (ioning). The study of the.se processes 
has been limited to those in current use and a 
few others of particular interest. 

Any classiheation of printing methods is 
largely arbitrary, and that adopted here is based 
on the nature of the photochemical reaction. 

^1. Methods using Silver Salts. Methods of 
printing with stiver salts may be conveniently 
divided into two principal groups depending on 
whether the image is entirely formed by the 
action of light (these are known as print-out 
processes, also c^ed P.O.P.), or whether it is 
obtained by the development of a latent image 
by a process very similar to that usetl for the 
production of negatives. 

In the first case a silver halide (usually the 
chloride) is used in conjunction with either a 
soluble silver salt or some other substance 
capable of absorbing the halogen liberated by 
the action of light (a developer, for example, or 
some other reducing agent). The sensitive com- 
pounds may be formed either in the support 
itself, or in a "sizing” with which it has been 
previously coated (dhumenized or salud papers), 
or an emulsion of the sensitive material may be 
prepared with gelatine or collodion and after- 
wa^ coated on the required support (gelatine 
P.O.P.; collodion P.O.P.). Certain papers be- 
longing to this latter category contain the 
> necessary toning materials (gold salts, or, more 
usually, selenium or teUurium compounds), 
incorporated in the actual emulsions, and 
are then known as self-toning papers. A 
considerable quantity of light is required to 
form an image on these various sensitiz^ papers 
(exposures of about a quarter of an hour in good 
dil&sed daylight are required when contact- 
printing from a negative of average density) and 
the various manipulations can be carried out 


in weak daylight. Thus it is not practicable to 
use such papers for projection prititing (en- 
larging or reducing). The final tones of prints 
obtained in this way usually vary from reddish- 
brown to purplisli -brown. 

Printing-out papers can also be used b>' 
physically de\'eloping a very weak image, 
obtained by considerably less exjx>sure than 
that necessary to produce a normal print. 

In the second case (development papers), 
the emulsions do not differ essentially from 
negative emulsions except in being very much 
slower. For a long time manufacturers have 
made .such sensitive papers in the form of 
gelatine emulsions, although st'veral attempts 
have been made to use collodion for the pur- 
pose. The sensitive substance may be either 
silver bromide, silver chloride, or a mixture of 
the two. In all cases, such emulsions are too 
fast to allow of their being used for daylight 
printing. Gelatine-chloride emulsions are con- 
siderably slower than gelatine-bnjmide ones, 
and are insensitive enough to allow of their being 
handled in weak artificial light without the use 
of a safelight. This fact has led to their being 
incorrectly called gaslight papers (to he handled 
in gaslight). Silver bromide or silver chloride 
papers normally give black tones, whilst chloro- 
bromide emulsions, which are of intermediate 
sensitivity, are used as a rule for the direct 
production of warm tones. These various 
emulsions, and particularly the more rapid ones, 
constitute the best material for enlarging pur- 
poses. 

Toning of the silver image can be done either 
by replacing it by other metals (gold, platinum, 
etc.) or by converting the silver into a coloured 
compound (brown silver sulphide), or into a 
colourless substance by which a certain quantity 
of a coloured compound can be absorbed. The 
last-named process allows of a very wide range 
of colours being obtained. 

59a. Methods using Iron Salts. Ferric salts 
of several organic acids (oxalate, tartrate, 
citrate, etc.), and particularly their ammoniacal 
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complex compounds, are converted into ferrous 
salts by the action of bright light. This pro- 
perty may be used in various ways owing to the 
different properties of these two types of salts. 

Tor example, ferrous salts give a blue precipi- 
tate with potassium ferricyanide, whilst no 
precipitate is formed with ferric salts, and it is 
j)ossible to obtain a blue image which can be 
lixed by simply washing in water. Ferro-prus- 
siate papers, based on this reaction, are used 
industrially in large quantities for making copies 
of tracings, the "blue-prints” thus obtained 
consisting of white lines on a blue ground. 

Ferrous compounds are capable of reducing 
the salts of the precious metals to the metallic 
state, and this property forms the basis of the 
kallxtype process and the platinum process. Such 
processes give grey or black tones by simple 
washing in water or by treatment with a solvent 
capable of dissolving the ferrous salt formed and 
also the silver or platinum salts, 

593. Methods using Pigments and Bichro- 
mated Colloids. Various animal and vegetable 
colloids (gelatine, albumen, gum, etc.), w'hen 
impregnated with a bichromate, dried, and ex- 
posed to light, are tanned by the chromium oxide 
which is formed during the photo-chemical 
decomposition of the bichromate. Differences 
of solubility and permeability between the parts 
exposed to light and those protected from its 
action may be used to obtain photographs in a 
large number of ways which have the following 
characteristic in common. In all cases the image 
consists of a pigment (colouring matter in 
powder-form, or ground with oil) or other 
colouring matter which has taken no part in 
the reaction. 

For example, suppose a finely powdered pig- 
ment is incorporated in gelatine, and the mixture 
coated on paper; after sensitizing with bi- 
chromate it is exposed to light under a negative 
(neglecting for the time being the transfers 
usually necessary) . It is then treated with warm, 
water, which dissolves the unhardened gelatine, 
gradually revealing the picture, which now 
consists of pigment incorporated in insoluble 
gelatine. Whatever the chosen pigment, such 
papers are known as carbtm tksues, since lamp- 
black was the pigment with which they were 
first made. 

A film bf bichromated gelatine, which has been 
washed with water after exposure to light under 
a negative, is not wetted m those parts which 
have been protected from light-action. Now 
greasy inks are replied by a wet surface, and 


can adhere only to a dry one, so that inking 
with a brush or roller will thus form an image 
consisting of printing ink, which can either be 
kept as such, or transferred to plain paper {oil 
prints, transfer prints in greasy ink). 

A layer of bichromated gelatine which has 
been exposed to light under a positive is capable 
of absorbing dye from a dye-bath in the parts 
which have been protected from the action of 
light, as the dye is not able to penetrate those 
parts which have been rendered impermeable. 
In this way it is possible to obtain a perfectly 
transparent picture consisting entirely of stained 
gelatine (hydrotype). 

Another process is as follows. Glass is coated 
with a thin layer of a mixture of gum-arabic, 
some hygroscopic substance (honey, glucose, 
sugar), and a bichromate, and the whole dried 
by gentle heat. This is then exposed under a 
positive, and a finely-powdered pigment spread 
with a brush over the surface. The moisture of 
the atmosphere, which is absorbed more rapidly 
on the parts protected from light than on those 
which were exposed, renders the gum-arabic 
adhesive again and capable of fixing the powder 
which has been dusted on, thus forming a 
positive picture when the excess of powder has 
been dusted off. This can be permanently fixed 
by varnishing if an inert powder has been used 
(e.g. plumbago), or by baking if the colour is 
vitrifiable (powder or dusting-on process ; photo- 
graphic enamels, and photo-ceramics). 

594. Photo-chemical Formation or Destruction 
of Coloured Materials. There are a large number 
of photo-chemical reactions which can generate 
a coloured substance, destroy a coloured sub- 
stance present, or destroy one of two reactants 
which react mutually to pve a coloured sub- 
stance. An example of this type of printing is 
the diazotype (of which there are various kinds 
all based on the photo-chamical destruction of 
diazo-compounds) which has gained considerable 
industrial importance and is largely replacing 
the iron -salt processes for copying drawii^s. 

595. Conversion of a Silver into a Pigment 
Image. By making the silver of an image take 
part in a reaction giving rise to tanning products, 
it is possible to render insoluble the gelatine in 
the immediate neighbourhood of the original 
silver image. It is thus possible, starting from a 
silver image, to obtain pigment images by 
methods sunilar to those mentioned in §594. 
In this way a developed print on gelatine- 
bromide paper may be either converted into an 
image in greksy ink (oil or Bromoil process). 
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which can be further transferred to plain paper, 
or it can be used to insolubilize the gelatine of 
a carbon tissue previously soaked in reagents 
which react with silver {carbro process). 

On the other hand, having formed a silver 
image in a gelatine him containing a non-diffus- 
ing colouring substance, a reaction can be made 
to take place which destroys at each point 
a quantity of the colouring substance propor- 
tional to the amount of silver present. Alterna- 
tively the coloration not in the immediate neigh- 
bourhood of the silver can be destroyed. These 
methods are applicable to the production of 
coloured motion-picture hlms. 

596. Supports for the Photographic Image. 
Photographs can be made on, or afterwards 
transferr^ to, a large variety of materials; 
papers of various textures, tints and substances, 
fabrics (silk, canvas), metals or metallized 
papers, glass, celluloid, etc. Of all these, the 
most commonly used support is paper, and the 
words “ photograph," or " photographic print ” 
are always understood to mean a paper print. 
Glass and celluloid (and its non-inflammable 
substitutes) are chiefly employed for diapositives 
or transparencies for ordinary and motion- 
picture projection. 

Emulsion, ready coated on appropriate sup- 
ports, and emulsion in a powder form, to be 
redissolved in water for coating, are made for 
a number of industrial applications. 


An emulsion containing salts of silver has been 
sprayed on to the inside w'alls of a room, first 
covered with plastic paint, for the purpose of 
their decoration by producing enlargements 
on the walls (E. Mollo and H. C. Merrett, 
1934 )* 

597. Colour of Image and of Base. There is 
an almost unlimited choice of colours of the 
image and the tint of the base of photographic 
papers. Although a slightly-tinted base some- 
times helps to suggest certain effects (§ 23), and 
variations in tlie colour and tone of the pictures 
themselves are u.seful in relieving the monotony 
of a collection, such means should only be used 
until discretion and in moderation. Engravings 
(lithographs, etchings, etc.) and original draw- 
ings, for the e.xecution or printing of which the 
artist has a large selection of crayons or inks of 
the most varied colours at his disposal, are 
often fini-shed in a black or warm black tone on 
white or slightly-tinted papers rather than in 
bright colours (e.xcepting, of course, originals 
in colour). Still more should startling effects be 
avoided, such as would bt* given by the use of 
green for a portrait, or deep-red for a seascapt' 
or landscape?. Irinally, the colour of the picture 
and the tint of the base should be in perfect 
harmony. Thus, a blue-black image would not 
suit a cream or chamois base, whereas a warm 
black picture would go well with a bast* of that 
colour. 
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598. Although the considerations involved in 
this chapter apply to all printing processes, 
examples have been chosen, except where other- 
wise indicated, using silver salts which are 
chemically developed. 

599. Brightness Range of an Image on an 
Opaque Support, h'or a given image the range 
of refl(‘ction densities (S 15) is always much less 
than the range of transmission densities. The 
former is, in fact, msutheient for the correct 
rendering of a subject covering a wide range of 
brightness. The examination of a silver print 
on paper by transmitted light, using a very strong 
source for viewing, often roveab details in the 
shadows which cannot be observed by reflection. 

Tig. 37.1 (T. V. Rcnwick, 1913) shows the 
relation between the densities of the same silver 
deposit on a transparent support when measured 
by transmission of diffused light (Dt), or by 
reflection (Dr) after placing the face of the image 
in contact with a slieet of glossy white paptT. 
It will be seen that for e([ual amounts of silver 
Dr rises much more quickly than Dt and reaches 
a maximum of 1-4 when Dt -- 1-2. 

The image on the opaque support is seen 
principally by light which passes through the 
layer containing the image, undergoes a diffuse 
reflection from the support, and passes once 
more through the layer. In addition to this, 
there is the more or less uniform light reflected 
from the surface of the coating, due to scatter 
at the interface of the gelatine and silver grains. 
This gives a weak negative image and is com- 
parable to the positive which can sometimes be 
seen when a negative is viewed by reflected 
light under certain conditions. Finally in mat 
or semi-mat papers, light is scattered by the 
matting agent (e.g. starch), which is incorporated ‘ 
in the emulsion, the grains of which are almost 
as numerous as those of silver in the high 
densities. 

On glossy papers the maximum reflection 
density is found when the transmission density 
attains or exceeds i*2. The figure for glazed 
glossy p^r is slightly higher, whilst for a mat 
paper it is slightly lower. Thus it is unnecessary 
for a coating to contain more silver than is 
necessary to give Dt = i*2 (M. Hesse and C. A. 
Mannheim, 1932), but in order to obtain a 


satisfactory image, it is necessary to prolong the 
development until all available silver halide is 
reduced in the regions of maximum exposure, 
that is, until gamma has reached its limit. 
The maximum reflection density then rarely 
exceeds 2-0. 

600. Relationship between the Negative and 
Positive Sensitive Materials. By varying the 
development time of a positive transparency 
material, it is possible to obtain any value of 



Fig. 37.1 The Relation Between the two 

Densities of the Same Image bv Reflected 
Light and by Transmitted Light 

gamma for the positive image up to the maxi- 
mum {y/>„). Using this property in conjimc- 
tion with a suitable choice of exposure, it is 
possible to obtain positives with the same den- 
sity range from negatives with widely differing 
density ranges. 

Consider (Fig. 37.2, 1 ) two negatives of different 
subjects, developed to different values of gamma 
(yjv), the useful region of the characteristic 
curve being AB for one and CD for the other. 
In (II) are drawn the characteristic curves of 
the positive emulsions, these being arranged 
in different directions to those normally used 
in order to make the density scale of the nega- 
tives (D^) coincide with the exposure scale 
of the printing material (log Ep). 

As the amount of light received by a print on 
the positive material is the product of the 
transparency at the corresponding point on 
the negative and the light falling on the negative 
during printing, the sum of D^ and log Ep is a 
constant. A variation in the light has the effect 
of moving the positive characteristic curve (and 
its log Ep scale) parallel to the D^ scale. For a 
suitable choice of working conditions, the char- 
acteristic curves of the prints, limited to their 
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useful range, can be A'B' and CD\ where A' 
and C represent the same density (indicated by 
flV') on the Dp scale, and B’D' also represent 
anothei density indicated by on the same 
scale. 

Unfortunately, the situation when making 
prints on paper is not so satisfactory. The paper 
is always developed to gamma infinity, since 
the image colour is usually unsatisfactory if 
development is curtailed. Hence the paper 


(Fig. 37.2, I) is thus only po^ble on papers 
with very different characteristics. The charac 
teristic curves after development to yp^ are 
represented by A^B" and (Fig. 37.2, III) 
the exposure range being a*h* for one and c'd' 
for the other. In each case the exposure range 
is equal to the density range of the negative 
being printed. 

601. In printing the negative AB on to 
the paper which has previously given the curve 



CD", it is not possible to 
obtain maximum black and 
clear white at the same time. 
Depending upon the amount 
of light used, it is possible, 
for example, to have a scale 
ranging from middle grey to 
black, which would be suitable 
for the representation of a very' 
dark subject, or a scale ranging 
from white to middle grey, 
suitable for cloud effects, or a 
portrait of a girl dressed in 
white (high key) . 

If on the other hand, the 


Fig. 37 1 . The Relation Between the Q>ntrast of a Printing negative CD is printed on to 

Paper and the Density Range of a Negative the paper which gave the curve 


can really satisfactorily match one negative 
contrast, or at best a fairly narrow range of such 
contrasts. This difficulty is solved only by the 
manufacturers providing a range of papers with 
different values of gamma infinity. 

This variation in contrast grades available, of 
extreme importance for the success of prints, 
can best be seen by printing the same neutral 
density wedge on to several samples of paper 
of the same make but of different grades. When 
each sample has been developed properly, it 
will be seen that the print passes from black to 
white in a distance very different from one 
sample to another, corresponding to density 
ranges on the wedge of from 0*3 to 2*0. The 
exposures which give respectively the darkest 
grey which can be distinguished from black, 
and the lightest grey which can be distinguished 
from white, are thus in a ratio having 2 : 1 and 
100 : 1 as its extreme values. This ratio is 
sometunes called the total gradation of the paper, 
but it is better to avoid this expression owing 
to the wide range of meaning of the word ** grada- 
tion.” Usually the density rai^e to be printed 
fallfi between 0*6 and 1*6, the difference between 
the extremes then being 4 : x and 40 : i. 

The printing of tl^ negatives considered 


A "B", the whole scale of greys 
of the paper is used from black to white, but all 
the light tones will be indistinguishable from the 
white, or all the dark tones from the black. 
Alternatively, some of the light tones will be lost 
in the whites at the same time as some of the 
dark ones in the black. In the last two cases, 
examination of the print by transmitted light 
will reveal the shadow detail which could not be 
seen by reflection. 

602. The Contrast of Positive Papm. Each 
type of positive paper is usually supplied by the 
manufacturer in several different grades, differ- 
ing in their exposure range. When the exposure 
range is very long, the paper is called ” extra-soft^* 
and when very short, extra-hard” or ” extra- 
contrasty.” These differences may sometimes 
prove troublesome, on account of lack of 
uniformity between manufacturers in indicating 
this important characteristic of their grades. 
For instance, one maker may describe a paper 
as "normal” which another manufacturer 
would term "contrasty,” and another "soft.” 
In recent years, agreement has been reached 
between the more important manufacturers in 
the United Kingdom with the result that the 
designation of paper grades is much more 
uniform. 
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Many photographic workers measure the 
extreme densities of their n^atives in order to 
select a suitable grade of printing paper, and it 
is very desirable that the contrast of papers 
should be expressed numerically. A more dehnite 
indication of the shape of the characteristic 
curve than the present grading - would be to 
quote its maximum contrast (gamma infinity). 

The result of important statistical experi- 
ments, comparable to that undertaken by 
L. A. Jones in defining a speed criterion for 
negative materials (§ 258), have been published 
almost simultaneously by W. Romer and W. 
Koyski, by L. V. Chilton, and by L. A. Jones and 
N. Nelson. The unanimous conclusion of 
these authors is that a grade of paper should 
be characterized by its useful scale, which is 
narrower than the total exposure scale. In order 
to obtain a perfect print, a negative of knowm 
density range must be printed on a grade of 
paper which has a useful scale equal to the loga- 
rithm of this range. The authors differ in the 
limit which they assign to the useful scale. 
Romer and Royski suggest as limits the points 
on the characteristic curve where the slope is 
0'2y and 0*58^, where y is the maximum slope 
of the curve; Chilton proposes o*i and 0*5. 
Finally Jones and Nelson recommend a lower 
limit chosen so that the sIojkj at that point is 
i/io the slo|x; of the tangent drawn from this 
point to the upper part of the curve. 

603. Expressions for the Speed of Positive 
Sensitized Materials. So far the sjieed of 
printing papers has not been quoted by the 
makers, but this question is being made the 
subject of discussions by several national organi- 
zations for standardization. All the reports 
presented to these organizations propose that 
the speed criterion to be adopted should be 
based on the exposure E corresponding to the 
upper limit of the useful scale ; the differences 
of opinion are only on this limit (§ 602), on the 
colour temperature of the lamp, and on the. 
exposure time to be adopted for the test. 

In the American system, based on the 
experiments of Jones and Nelson mentioned 
above, the speed of a paper would be expressed 
as 10,000/E, the speed indices for all papers 
actually falling between i and 60,000. 

604. Tone Reproduction from the Subject to 
the Print. A very ingenious graphical method 
(L. A. Jones, 1920) allows the predetermination 
of how the brightnesses of the positive image 
(a transparency or a print on paper) will re- 
produce the brightnesses of the subject (to an 


approximation, since it depends on the lighting 
of the picture during examination), when the 
characteristic curves of the negative and positive 
materials are known. 

In Fig. 37.3, has been traced (in quadrant 
II) the characteristic curve A' of a negative 
emulsion, the useful part being shown by the 
distance A log E y. It is worth noting here that, 
due to light scattered by the lens and in the 
camera, the characteristic curve of the negative 
emulsion does not represent the negative ob- 
tained ; each of the ordinates should be log ~ 


when I represents the illumination at a point 
in the image in the absence of scattered light, 
and A is the additional illumination due to 
diffusion. 

• In quadrant III is drawn the characteristic 
curve A” oi the positive emulsion on which it is 
proposed to make the print (a paper, in the 
example chosen), this curve being placed in 
such a w'ay, relative to the negative curve, that 
the extremes of black and white, of which the 
paper is capable, are utilized. 

From a point a' chosen on the curve A\ di 
horizontal line is drawn cutting the curve A'' in 
the point a" ; from this new point a vertical line 
is drawn which intersects at a'" the line drawn 
at3i5‘’(— 45“) in quadrant IV. The intersection 
of the vertical drawn through a' and the nori- 
zontal through a'" is one of the points on the 
curve A, which indicates on logarithmic scales 
the relationship between the brightness, Bg, of 
the subject and the brightness, Bp, of the posi- 
tive image. The whole curve may thus be 
constructed point by point. The line at 45'' in 
quadrant I, or all lines parallel to it, represent 
ideal objective reproduction. 

Two other negative and positive curves have 
been drawn, and also their corresponding true 
reproduction curves (to avoid confusion in the 
diagram, one has been drawn using the broken 
line in quadrant IV). 

Of the various combinations thus tested, the 
best result (curves in broken lines) is obtained 
by the use of two sensitive materials (negative 
and positive transparency) in which the charac- 
teristic curves have a long straight portion. 

605. Goldb^’s Condition. The slope at a 
particular point on the reproduction curve is 
the product of the slopes gj^ and gp at the 
corresponding points on the characteristic curves 
of the negative and positive ; for the reproduc- 
tion curve to be a line at 45° (slope = i), the 
product gjv X gp should always be unity. This 
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condition is difficult to satisfy outside the linear 
portions of the characteristic curves, where it 
becomes X = i, which is the condition 
put forward by £. Goldberg in 1922. This 
condition, however, cannot be satished exactly 
in the photography of coloured objects as the 
gamma of the sensitive material varies with 
wavelength within the range of spectral sensi- 
tivity. A practical step which is often an 


advantage in pictorial photography is to increase 
the value of this product to 1*3. 

It is thus possiUe to obtain perfect objective 
tone reproduction by using two sensitive 
materials, of which the characteristic curves are 
not linear, if the curves show that the values of 
transparency, as a function of the exposure 
received, are symmetrical with one another 
about a line drawn at 135'’ to the exposure 
axis (J. F. H. Custers, 1940). 

606. Calibration of Negatives. When using 
a well-standardized light-source, the errors and 
trial exposures that may be involved in choosing 


the paper of the optimum contrast and the 
optimum printing time can be avoided by 
measuring two suitably chosen densities on an 
appropriate densitometer. The densities are 
not necessarily the two extreme densities which 
have been considered so far. For example, in 
a portrait the highest density would be avoided 
if it represented white trimming or the reflec- 
tion from a jewel, and instead the highest 


half-tone which it is necessary to distinguish from 
the white would be measured ; for instance, the 
lightest part of the face. In a landscape or 
interior having very heavy shadows, details are 
not always required in the shadows and the 
density measured would be that representing the 
darkest half-tone that was required to give a 
density only lightly below a black. 

The paper to choose for a print is generally 
that of which the logarithm of the exposure 
range is equal to or very slightly greater than 
the difference between the ^nsities measured 
on the negative. In the absence of data from 



Fig. 37.3. L. A. Jones's Diagram showing the Overall Repro- 
duction Characteristic through the Characteristic Curves of the 
Negative and Positive 
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the manufacturer, this constant can be deter- 
mined as follows. Using an exposure time of 
the same order as will be used for printing, 
expose a sample of the pai>er under a sensito- 
metric wedge of known constant (§ 215). After 
processing, measure the distance in centimetres 
from the lightest to the heaviest* density and 
multiply by the constant of the wedge, thereby 
obtaining the log exposure range required. 

607. If the maximum density (or at least 
the greatest density that it is necessary to 
record) of a negative is known, it is possible 
to calculate the optimum printing time from the 
optimum time necessary for a standard negative 
when using the same grade of paper and the 
same lighting. The ratio of the two printing 
times is the number whose logarithm is the 
difference of the two maximum densities 
considered. 

If, for example, the printing time has been 4 
seconds under a density of 1-3 and the maximum 
density of the new negative that it is required to 
print is i-q, the printing time must be multi- 
plied {or on the contrary divided, if the new 
density is lower than first) by 2-5, the number 
whose logarithm is approximately 0 4. 

The calibration or its practical interpretation, 
can be marked on the edge of the negative. 
Some printers have a densitometer arrangement 
for the calibration of negatives, and a method 
(L. Lobel and P. Prior, iq32) was devised in 
which the intensity of the printing light was 
adjusted by means of a rheostat, so that the 
transmission, viewed visually, of the greatest 
useful density, was brought to a fixed value. 
Under these circumstances, the printing time 
of all negatives was constant, when using a 
given printing paper. 

Various inventors have proposed or made 
arrangements in which the exposure given by a 
printer is automatically regulated by a photo- 
elwtric cell receiving the total light flux trans- 
mitted by the negative (J. W. McFarlane, 1931). 
It is useful to consider whether this practice, 
obviously wrong in principle, could be considered 
satisfactory statistically. Important experi- 
ments directed by C. M. Tuttle {1927), who 
collaborated with numerous amateurs and some 
very skilled printers, established that if the 
negatives had been developed to slightly different 
gamma values, an exposure inversely propor- 


tional to the ratio of the total light flux trans- 
mitted by the negative to the area of the image 
gave 94 per cent success. This was slightly 
better than the result obtained by skilled prin- 
ters who estimated the exposure time subjec- 
tively by viewing. The degree of success would 
have been still greater if preliminary trials had 
been made from negatives of large stretches of 
sea and sky, for which the calibration by the 
procedure outlined was conducive to appreci- 
able over-exposure. 

608. Influence of the Colour of the Printing 
L^ht. The colour of the light used in printing, 
within the limits of spectral sensitivity of the 
emulsions used, has an appreciable effect on the 
contrast of the image obtained when the sensi- 
tive layer is coloured, or when a colourless 
emulsion gives a coloured image directly. 

This effect, noticed by Lehmann in 1861, in 
the case of printing-out papers, has been 
explained by L. Gazes (1897). follows that 
depending on whether the actinic radiations 
used are transmitted or absorbed by the coloured 
image, a certain amount of protection is given 
to the underlying parts of the sensitive layer. 
With these papers, printing through a yeUow 
filter increases the contrast of the image slightly, 
while printing through a violet filter reduces it. 
The appropriate filters can be made by dyeing 
plates or films which have been fixed out, 
washed, and dried, by immersion for about 
15 minutes in a 0*2 per cent solution of auramine 
(for the yellow filter) or a 0*25 per cent solution 
of methyl violet, rinsing and drying. (These 
concentrations should be halved if gelatine- 
backed film is being used.) 

With uniformly coloured sensitive layers the 
effect is due to the limitations of the depth of 
penetration of light into the layer ; the use of 
actinic radiations absorbed by the colouring 
material lowers the contrast, while it is in- 
creased by the use of more easily transmitted 
radiations. This effect is shown in silver-halide 
emulsions which have been specially dyed yellow 
and in all copying methods using bichromated 
gelatine. The sensitive layer, yellow or orange, 
extensively absorbs the violet and ultra-violet 
radiations (by far the most active) reducing the 
contrast when the concentration of bichromate 
is increased or a source particularly rich in 
ultra-violet is used. 
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CHAPTER XXXVIII 
PRINTING METHODS AND MATERIALS 

609. General Considerations. Printing may be which a considerable number of prints can be 

done either in a printing frame or in a printing made on paper in roll or sheet form, after 

machine or box, the latter being an apparatus which the prints are either finished on a continu- 

of va^ng degree of complexity, combining the ous machine, or sheet by sheet in the usual way, 

printing frame with a box containing the light 610. Printing Frames. The standard type of 
source. printing frame is represented diagrammatically 

These pieces of apparatus are essentially in Fig. 38.1. A piece of white plate glass, about 

intended to ensure as perfect a contact as J in. to J in. (6 to 8 mm) thick and free from 

possible between the negative and the positive bubbles and scratches is placed in a hard wood 

paper throughout the printing. They should also frame with deep rebates. To allow for expansion 

rford complete protection of the latter from any of the glass when printing in the sun or near 

light other than that transmitted by the negative, an electric arc light, there should always be an 

and to prevent any relative displacement of the appreciable clearance between the glass and 

two suriaces, which would produce a double the frame. In frames used for photo-mechanical 

unage. reproduction where a considerable pressure Ls 

The chief advantages of a printing box over a given by levers or screws, the plate glass is 
frame are that the source of light is at a constant replaced by a transparent slab of glass which 
distance from the negative, and that the dark- can be as thick as li in. (30 mm). In such case.s 
room is not illuminated with white light during the frame is reinforced with metal. The negative 
printing. In this way many precautions which to be printed is then placed face upwards on the 
w^ld otherwise have to be taken are dispensed glass support, and the printing paper, the sensi- 
with, and several operators can then work at tive surface in contact with the film of the 
the same time. The usual type of printer, in negative (with or without a mask between) is 
which the negative is illuminated by diffused placed on it. The paper is covered with a resi- 
light, is not suitable for printing when making lient pad of thick cloth, felt, or spongy rubber 
duplicate negatives or transparencies on rigid (failing this, several thicknesses of soft tissue- 
supports (positive plates). Defects in the flat- paper) and, lastly, the back, consisting of two 
ness of the glass never ^low two plates to be or more hinged panels, is placed in position, 
in complete contact over their whole surface, The pressure-bars are then closed and fixed in 
and for this reason a perfectly sharp print can position. 

only be obtained if we use a small source of The back is made in hinged panels for printing 
light, fixed in position relative to the frame and those materials where a visible image is produced 
far eno^h from the latter for it to be considered by the action of light directly. With a frame of 
as a point source of light. this kind, the state of the picture can be ascer- 

A glass negative does not press against the tained by disengaging one of the pressure-bars, 
gl^ of the frame except at a limited number of opening the corresponding flap, and gently 
points aropid which there are sometimes seen lifting the pad and the paper. In small frames, 
by reflection coloured fringes (Newton rings) where the back consists of only two pieces, it is 
of which the outline may be recorded in the an advantage to have the hinges a third or a 
prints. The formation of these rings can be quarter along its length, so as to allow of a 
avoided by interposing a mat-surfaced film larger part of the picture being examined, 
with the mat side in contact with the back of Frame bars which are automatically bolted with 
the negative. spring catches should also be mentioned. Again, 

In passing, the automatic machines for com- there are certain patterns of frame with metal 
meiti^ printing on reds of paper should be strips fixed to the rack, which the pressure 
mentioned. These are generally combined with of the spring, facilitate the manipulation of 
mech^cal equipment for developing, fixing, the latter, and prevent their denting the wood, 
washing, and di^ng the paper continuously. Various simplified types, for sizes up to 
There are also semi-automatic machines with 7 x 5 in. (13 x 18 cm), are not fitted with plate 
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glass, or only with thin plate or ordinary glass 
if they are used for printing film negatives. Their 
inside dimensions should then be only about 
in. (i mm) larger than the negative. As 
flic bars of such frames are usually fixed in 
position by turning them in a plane parallel 
to the back, there is always a risk of moving 
the back, and consequently the paper on which 
it is resting. Any risk of movement can be 
prevented if the pins of the hinges extend from 
the back into grooves in the frame. 

For making prints of tracings on ferro- 
])russiate or similar papers by arti- 
licial light, when the printing can 
be done with a constant exposure 
after preliminary trials if all the 
tracings have been made on paper 
of equal transparency, a frame 
is used consisting of two half- 
cylinders of glass fixed in a metal 
framework. The tracing and paper 
are held against this curved sur- 
face with a strong linen blind 


ment papers in a professional or industrial studio . 
is always done by means of a printing machine. 
Since their introduction in about 1900, a large 
number of types of this instrument have been 
made, some of them being semi-automatic 
machines driven by an electric motor. 

Printing boxes designed for the printing of 
glass negatives consist essentially of a horizontal 
glass plate at a convenient working height, 
which carries the negative to be printed, and a 
pressure plate which a lever, operated by hand 
or fool, holds in place automatically at the end 
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or apron, which is secured by Fig. 38.1 Parts of a Printing Framb 

stretchers. The exposure is given 

by an arc lamp travelling along the axis of of its travel. The box of the printer, light-proof 
the cylinder at a uniform controllable speed, but amply ventilated, contains one oi several 
the light being thus used with maximum effi- printing lamps, or one lamj) and a mirror system 
ciency. Tubular lamps fixed on the axis of to ensure even illumination, according to the 
tlic cylinder are also used. In large studios, size of the frame. There is also an orange or red 


continuous machines are also used, the tracings 
and papers being carried along over a half- 
cylinder of glass by an endless belt, moving at 
a speed adjusted to the sensitivity of the paper, 
ihese machines are sometimes used in con- 
junction with a machine for the processing and 
drying of the paper. 

For printing from large plates or negatives, 
particularly in photo-mechanical work (photo- 
gravure, photo-lithography, etc.), and whenever 
it is necessary to ensure the most perfect con- 
trast, a pneumatic printing frame is used, which 
takes the form of a rubberized fabric apron* 
bordered with a frame of grooved soft rubber, 
which is pressed against the glass of the printing 
frame by means of another frame. A metal tube, 
connected to the apron, allows the space between 
It and the glass to be exhausted, the sensitive 
surface bemg thus held against the negative by 
atmospheric pressure. The pressure Mng thus 
balanced on the two sides 01 the glass, allows it 
to be much thinner than in mechanical frames, 
thus reducing the absorption of the violet and 
ultrarviolet radiation. 

6X1, Printing Machines. Printing on devdop- 


lamp which facilitates the adjustment of paper, 
negative, and masks. 

The pressure lever operating the back of the 
frame is attached to a switch, which, when the 
back is under pressure, switches on the printing 
lights. On releasing the lever the lamps are 
switched off again. 

The printing lamps are sometimes controlled 
by means of a timer, which regulates the duration 
of exposure to that desired, by means of a 
clockwork mechanism, the passage of air or 
glycerine through a small orifice, or an electronic 
device based usually on the discharge of a 
condenser (which is always charged to the same 
conditions) through a variable resistance. It 
has been suggested (M. Mclntire, 1920) that 
where variations in the supply voltage are 
frequent and of large magnitude, the variations 

by using a timer controlled by an electric motor, 
so that an increase in voltage raised the motor 
spe^, thus shortening the exposure. On some 
printers the pressure lever is relea^d electro- 
magnetically when the white light is switched 
oti by tile tuner. 
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In order to allow of modifying the illumina- 
tion on the various parts of the negative by 
the interposition of suitably-shaped pieces of 
translucent paper, the printer is usually fitted 
with a slidi^ frame just underneath the glass 
negative bed. This frame is fitted with a piece 
of ground glass on which any shaped pieces of 
paper may be placed as desired. Besides regu- 
lating the exposure times, nearly aU printers 
allow of the illumination being varied at will 
by altering the distance between the lamj^ and 
the difhiser. In this case a number of suitably 
soiled positions should be marked out, corre- 
sponding, for example, to illuminations which 



Fig. 38.2. Faulty Contact of 
Prsssurs Back 

increase in steps of 2 : i. Again, it is useful to 
be able to control the various white lamps 
separately, or to move them in a plane parallel 
to the diffuser, so that the illumination in various 
parts of the negative can be altered. 

Instead of controlling the exposure time, some 
printers employ control of the illumination, by 
vertical displacement of the lampholders against 
a scale, or by means of a rheostat in series with 
the lamps, being calibrated such that moving 
from one position to the next doubles the light. 
The latter S3^tem has several disadvantages : 
it is necessary to allow not only for the variation 
in intensity of the light but also its quality, the 
colour-temperature of the lamp being lowered 
when the series resistance is increa^ ; the 
resistance of both the lamp and rheostat vary 
with temperature, and while the rheostat takes 
a long time to reach its steady temperature the 
lamp does not, thus causing the intensity to vary 
for some time after each adjustment. Another 
disadvantage is that the effect of supply voltage 
fluctuation is increased, owing to the fact that 
the resistance of the lamp varies more with 
current than that, of the rheostat, a change of 
10 per cent in a supply voltage of iioV, for 
example, causing a change of 13 per cent in the 
voltage across a lamp running on 60 V. 

The beds of some printers are fitted with a 
number of stops which can be removed at will, 
apd which allow a suitably-sized sheet of sensi- 
tive paper to be adjusted to such positions t^t 
six or twrive pictures can be made in succession 
<m it from the same negative. If the exposure 
is aatomatkally regulated by the printer, one 


can be certain that the prints will develop up 
identically, and consequently the images will be 
the same. Other more complicated types are 
fitted with a movable carriage which carries 
the sheet of paper and stops automatically 
in predetermined positions. Lastly, there are 
printers which are provided with spools for 
making separate prints from film negatives in 
the whole strip, the film being moved for each 
successive exposure. 

Blurred patches, caused by defective contact, 
and often noticed on prints which have been made 
in a printer, are frequently due to insufficient 
pressure along the join between the two halves 
of the back. If there is excessive pressure on 
the sides of the latter, the defect is accentuated 
by a thick negative of very small size (Fig, 38.2). 
This difficulty can be overcome by placing the 
negative in a cardboard frame of ateut the same 
thickness as the negative. Blur which occurs 
in different positions in successive prints from 
the same negative is often due to air pockets 
formed between the sensitive paper and the 
negative when the pressure pad is not slightly 
convex. This fault can often be avoided by 
passing the back of the paper over a hard 
wooden edge in such a way as to make the sensi- 
tive surface slightly convex. 

6i2. a standard for printers adopted in 1942 
in the United States requires that the illumina- 
tion at the sides of the frame should not be less 
than 65 per cent that at the centre, and that 
local irregularities should not exceed 15 per cent 
over a length of one inch. Good contact during 
printing is verified by printing a graticule of 
1,200 lines per inch. After an hour of continuous 
use, exposures of 10 seconds being separated by 
pauses of the same duration, the temperature 
should neither rise by more than 4o“C nor become 
higher than 65°. If the mask is placed between 
the negative and the paper it should not exceed 
0*005 inches in thickness, or 0‘O2 inches if between 
the negative and the glass plate of the printer. 
The angles between the sides of the frame 
should be within o*io“ of a right-angle. 

6x3. Commercial Printers. Printers especially 
designed for the printing of film negatives, and 
particularly those used in establishments cater- 
ing for amateur work, usually have the glass 
plate inclined slightly (like a desk) in order to 
make work easier for a seated operator and to 
avoid the accumulation of dust. This inclined 
part is often extended by a chute which deposits 
the prints in a drainer or directly into the 
developing dish. 
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The prints are usually numbered on the 
printer with the order number. The automatic 
numbering device is mounted on the pressure 
pad of the printer and should only exert a very 
slight pressure ; it is desirable that the number- 
ing should take place before exposure although 
it is on the back of the print, to avoid the risk 
of the number app)earing in white on the image 
(it was shown by Ny Tsi-Ze in 1933 that the 
speed of a sensitive emulsion is lowered during 
jiressure). 

With semi-automatic motor-driven printers, 
the number of prints per hour is about 400 to 
300, from the same number of negatives, but 
if the number of negatives is small, as many as 
1,500 prints can be made per hour. In these 
machines the exposure is selected by a press.- 
button, which also starts the motor, either V2^- 
ing the time of exposure or the light intensity. 
The various operations are then performed 
automatically ; the pressure plate closes, the de- 
sired exj)Osure is given. The pressure plate opens 
and the sheet of paper is ejected, after which 
the motor stops in readiness for the next opera- 
tion. It is also possible to arrange it to work con- 
tinuously, pausing for long enough for a fresh 
sheet of paper to be put in place and stopping 
after a pre-determined number of prints. 

These printers often allow negatives to be 
printed from a strip of film without having to 
cut it up, slots being provided for the passage 
of the strip under the pressure plate. 

614. Light Sources for Positive Printing. 
Incandescent electric lamps are generally u^d 
lor printing and according to the sensitivity 
of the papers usually employed their intensity 
should be neither too great nor too small. 
It is better to use “pearl" or frosted lamps to 
prevent uneven illumination due to reflection 
or refraction from the glass. In this way both 
very short exposures, which are difficult to 
tinie and repeat correctly, and long exposures, 
which slow down the work, are avoided. The 
fact that the distance between the lamp and the 
iiegative has a considerable influence on the 
illumination (§ ii), and consequently on the 
exposure, should not be overlooked. To avoid 
too considerable local variations in illumination, 
the distance between the source of light and the 
negative should never be less than the diagonal 
of the negative. 

For printing on plates it is preferable to use 
only one lamp, of sufficient intensity to enable 
Its distance from the negative to be gjreat 
enough to render the illumination substantially 


uniform. It is sometimes possible, by suitable 
choice of lamp distance, to compensate for 
greater exposure at the centre of the negative 
resulting from uneven light distribution in the 
image plane of the camera lens. 

The supply voltage varies very considerably at 
different times of the day, being generally at 
a maximum in the daytime and at a minimum 
at dusk. As variations in the voltage consider- 
ably influence the visual intensity of the emitted 
light and also its colour temperature (§ 313), 
it is advisable to keep a voltmeter in the printing 
room, so that, as the result of a few tests, the 
volt-meter can be graduated in terms of equi- 
valent exposure, arbitrarily assigning the value 
I to the exposure corresponding with the normal 
voltage. A better, but more expensive, system 
is to use some form of voltage stabilization, 
either a saturated-core transformer, if A.C. is 
available, or an electronic voltage-regulator, to 
supply the printing lamps. 

615. Actinometers and Light Integrators. 
When using sensitive materials, such as car- 
bon tissue, which do not allow the degree of 
exposure to be judged by the eye, the time of 
exposure to light is still sometimes regulated by 
means of an actinometer. In this way the quan- 
tity of actinic light received by the frame may 
be approximately determined. 

A strip of sensitive print-out paper is exposed 
under a density scale in a small printing frame. 
The density scale may consist, for example, of 
about ten thicknesses of translucent paper 
placed on top of each other, each piece being 
about half an inch shorter than the i>receding 
one. The number of superimposed thicknes^ 
is then marked on each step of this scale with 
indian ink (or any other opaque ink which is 
without action on the sensitive surface). After 
exposure to light for a certain time the number 
of figures which appear light on a ground of 
ereater or less depth can be read off on the test 
strip. 

In preliminary trials for the determination of 
the correct exposure, this actinometer is loaded 
with a fresh strip of paper, and the whole 
placed by the side of the printing frame, both 
facing the same way. When printing is stopped, 
the last readable number on the strip is noted. 
In this way an eqmvaJent exposure can be made 
at any time, or the exposure adjusted as re- 
quired, by exposing the frame for the time 
required for the same number to appear on the 
actinometer. The relationship will hedd good as 
long as the strips of sensitive paper are of the 
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same make (and batch), and undei]go no change 
or deterioration. 

The fact that bichromated him and silver- 
sensitized paper are not affected proportionally 
by ver>’ weak and very strong illuminations is 
sometimes raised as an objection to this method. 
It can be overcome by using, instead of sUver- 
sensitized paper, white note paper which has 
been sensitiz^ in a 3 per cent solution of 
ammonium bichromate and dried in the dark. 

Another type of actinometer, which has to 
be watched during the whole exposure is some- 
times used. Two long pieces of glass, about 
I X loin, are held together by strong rubber 
bands, after a piece of opaque paper has been 
gummed on the inside covering the whole of 
one and all but half-an-inch of the other of the 
pieces of glass. A strip of bichromate paper is 
placed between them, with one end slightly pro- 
truding from the glass, and the whole exposed 
to light until the part which is protected only 
by the glass has turned as brown as it will go. 
To use this actinometer, the sensitive strip is 
drawn out a little way, and the time which the 
fresh portion takes to acquire the tint of the 
previously darkened portion is taken as unity 
{iegr^ Artigue), after which a fresh section of 
the paper is pulled out, and so on. 

In industrial installations these exposures are 
controlled by placing the photo-electric cell of a 
Ught-integrator alongside the printing frame 
and in the same plane as the sensitive surface. 

616. ^lea of Printmg. A negative may be 
Mnied in solid, the paper being entirely covered 
by the iHcture (at Iwt after trimming), or 
printed behind a mask, so as to leave narrow or 
wide white or tinted margins, or, again, vignetted, 
the image tones passing imperceptibly from their 
full intensity to the tone of the paper. 

It is possible to improve some parts of the 
picture during printing by local variations either 
of the illumination or of the exposure. In this 
way the effect of working~up the negative can be 
supplemented, or dispensed with altogether. 

There are various methods by which too great 
a sharpness of the image can be avoided, the 
effects of a sharp and diffused print being 
proportionally combined as required (§568), 
whue excessive contrasts in a photograph can 
be kasened by breaking up the uniformity of 
the masses of shadows. 

Images can be combined in various ways, 
such as the introduction of a background 
or sky after the usual printing, surround^ the 
pkrture with a tcmed border, or in other ways« 


6x7. Signing Prints. Prints made on develop- 
ment papers can be signed before development. 
For a si^ature in white on a dark back^ound, 
either a 10 per cent solution of potassium iodide 
can be used with a metal pen or a i per cent 
solution of potassium permanganate with a 
glass pen. The surplus is rinsed off before 
development. The latter has an advantage in 
that excess is destroyed by the gelatine, and 
thus the risk is removed of the signature being 
blurred in the rinse ; it is, however, necessary 
to add a little bisulphite to the rinse to dissolve 
the manganese dioxide liberated. For a signa- 
ture in black on a white background, or in the 
border, write on the print with a stylus of the 
type used in preparing stencils for duplicating 
machines, the signature resulting from abrasion , 
this is not usually possible with glossy papers, 
though, as they are usually protected against 
abrasion by means of a supercoat of clear 
gelatine. 

618. Printing bdiind Masks. The masks 
used to protect the sensitive paper during print- 
ing arc generally made of black paper free from 
pinholes or thin parts, sometimes of very thin 
red celluloid, or sheets of tin-foil. Celluloid has 
an advantage in that it can be adjusted more 
easily on the negative, the image l^ing visible 
through the ma^. Foil is seldom used except 
in certain processes of photo-mechanical repro- 
duction where the print is on a rigid supi^rt. 
It can be used very much thinner than celluloid 
or even paper, and there is less risk of blurring 
being caus^ by bad contact. 

Cut-out masks can be bought in various 
shapes and sizes — ^rectangles with rounded 
comers, ovals, circles ; also fancy shapes, the use 
of which is not always pleasing. Such masks 
are usually supplied with their corresponding 
opaque counterparts or counter^masks. The 
counter-masks can be employed to obtain 
black margins on a print which has been already 
fully printed, by means of a second exposure, 
the print being exposed under the counter-mask. 

A mask may also be cut out with a penknife 
to any r^uired shape, or, if a rectangular 
opening with sh^ comers is required, it can 
be ma^ by sticking strips with clean-cut edges 
on to the gelatine surface of the ^ative itself. 

When printmg from him n^atives, the mask 
may be inserted between the negative and fhe 
glam of the frame instmul of between the 
negative and the sensitive paper. A mask can 
be fixed temporarilv to a n^ative (to avdd 
lelative movement) by a spot of rubber solution 
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on each comer. It can afterwards be rubbed off 
both negative and mask with the fingers. 

In photographic establidiments where ama- 
teur’s work is undertaken, it is the practice to 
supply the print with a narrow white margin, 
without, however, any trouble being taken to 
select the best opening or the most suitable 
position for the mask on the negative. In such 
cases a frame mask or border mask is generally 
used. One side of the mask is covered with a 


positions on pieces of glass slightly larger than 
the sensitive paper to be used ; the position of 
the latter is exactly determined by means of a 
“ square ” cut out of thin card and fixed along 
two sides of the glass to serve as a stop. 

For printing from glass negatives the masks 
should be fixed in a cardboard frame, with an 
opening to fit the negative, which is held in place 
by strips of gummed paper, the gelatine surface 
of the negative being towards the mask, while 


(A) 
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Fig. 38.3. Border Printing 

A, niflik ; B, counter-mask ; C, combined mask and counter-maik 


thin card, cut out to the size of the negative, 
which is thus automatically centred on the 
opening. When a border mask is to be used for 
printing on large-sized paper or card, e.g. for 
printing small negatives on postcards, the paper 
may be adjusted more easily in the opening if 
another cut-out card is used, or clearly visible 
register marks are made on the existing mask. 

619. Printing with a Tinted Border. Pleasing 
effects may be obtained by surrounding a 
picture which has been printed on a larger size 
of paper with variouriy-sized borders or edgings 
in grey of different densities. These effects can 
be obtained by means of a combination of masks 
carefully cut and accurately marked in relation* 
to the Mnsitive paper. 

In Fig. 38.3, A and B represent a mask and 
counter-mask respectively, the latter being of 
slightly larger dimensions (from | in. to ^ in.) 
th^ the opening in the former, so that, when 
printed under a negative, a print is obtained 
with Mdde margins, which, with the exception 
of a thin white edge (about | in. in width), will 
be made a light or medium grey by a short 
exposure under the counter-mask. 

For printing film negatives both the mask and 
counter-mask should be stuck in corresponding 


the " square ” edge serving as a stop foj the 
paper is fixed on the other side. 

Before such border masks are mounted, the 
outlines of the picture and of each frame to 
be used should be drawn on a piece of stout 
paper. The attachment of the m^k and 
counter-mask should be done by the aid of this 
guide-piece, one of the outlines being made flush 
with the side of each piece, after the guide-piece 
has been thrust as far as it will go into the 
cut-out square. 

Surrounds of several borders of different tones 
can be easily designed, arid effects similar to 
those obtained by multiple mounting with 
superimposed papers thus obtained. Instead 
of a piece of plain glass fixed to the counter- 
mask, it is possible to employ a negative 
reproducing the texture of a material such as 
coarse canvas. Muslin or net can also be 
stretched on the glass. 

6 ao. Local Control During Printing. The effect 
of retouching or other work on the negative may 
sometimes be completed or supplemented by 
holding back the printing of certain parts of 

the picture, .. , , 

If, when using a printing frame, a suitably 
shaped piece of cardboard is held in the hand 
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at a little distance in front of the frame during 
a part of the exposure to light, its shadow will 
be thrown on those parts of the picture which it 
is desired to hold back. To prevent a sharp 
outline of the cardboard appearing on the print, 
it should be kept slightly moving to and fro, 
either in the same plane as the cardboard or 
perpendicularly to its own plane. A frame 
with a translucent back has b^ used, so that 
the position of the shadow on the picture can 
be ascertained from the back of the frame. 

621. Reduction of Definition and Contrast. 
At the time when most prints were made on 
printing-out papers, a special printing frame for 
the reduction of definition and contrast, devel- 
oped by E. Artigue (1903) was put on the market. 
It enabled a thin positive transparency made 
from the same negative to be placed between the 
print and the negative for part of the exposure 
time. With a few precautions, this means of 
reducing contrast and definition can also be 
applied to enlarging. A variation of it, due to 
J. A. C. Yule (1944) gives an increase in the 
contrast of fine detail, particularly applicable to 
photographs of surface structure. A slightly 
unshaip positive transparency made by con- 
tact printing, is placed on the negative, in 
register, during contact printing or enlarging. 
For instance, the negative can be developed to a 
much higher contrast than that which allows 
printing on the softest paper, and reduced to a 
normal contrast by means of the superimposed 
positive (y — yp). The fine details, which 
are not resolv^ by the positive, retain their 
initial contrast, the positive only superimposing 
a uniform density on them. 

The writer recommends, for printing the 
positive, that a thin sheet of cellulose acetate 
(portrait film with the gelatine removed) be 
(rat between the negative and the positive 
material. The best softness is obtained by ofi- 
settii^ the printing lamp from the axis of the 
printing frame by a distance of ^ its distance 
from the frame, and rotating the printing frame 
in its own plane ; when the final print is to be 
made by contact, place the lamp as far from the 
printing frame as possible ; when the final print 
IS made by projection or in a camera this distance 
riiould be ^ud to the distance from the lens to 
the negative in the final printing. 

In iaie limiting case where tte gamma of the 
unshaip positive is equal to that of the n^ative, 
all the tones of the subject are reprodui^ as 
whites and only sharp changes in tone become 
invisilde, the tisali resembling a pen drawing. 


622. In printing from a negative of relatively 
large dimensions, the sharpness can be reduced 
by combining a sharp image with an unsharp one. 

The sensitive is fixed to a support by 
gummed strips or heavy metal weights, (which 
can rest on a mask) against which the negative 
may be butted. For printing without borders 
the paper and negative can be butted against 
pins driven into the support. A piece of frosted 
film or glass is placed on the paper, frosted side 
upwards, and the negative, emulsion down, in 
place on it, being held down by a piece of heav7 
glass free of flaws. A first exposure is given by 
means of a lamp about 5 ft from the negative. 
After this exposure the frosted material is 
removed, the negative replaced against the stops 
and a second exposure given, after which the 
print is developed. Depending upon the pro- 
portion of each exposure (taking into account 
the difference introduced by the frosted material, 
which need only be determined once) the amount 
of diffusion introduced can be controUed as desired. 

If the negative is fixed to a wide-bordered 
mask, and is being printed on to paper with 
inside borders by means of diffused light, a 
sheet of celluloid or cellulose acetate of suitable 
transparency can be placed between the negative 
and the paper for part of the exposure: in 
order to do thb the paper can be held firmly 
on to the mask while the film is inserted. 

623. CombinAtion Printa— Insertion of Back- 
grounds---AddingaSk7to aLandsciqie. It is not 
possible to consider here every case in which a 
photograph can be "faked" by the photo- 
grapher, for example, by introducing a figure 
into a group or scene, or by inserting into a 
landscape a foreground from another negative. 
These combinations are alwa}^ made by cutting 
out the pxirts of the print to be transferred, 
thinning the edges of the paper, and sticking 
them on the print of the ^oup or landscape, 
concealing the joints by a little retouching and 
finally photographing the composite picture. 

It should be noted here that the perspective 
must be adequately considered, and that only 
images of the same lighting, contrast, and tone 
can be thus superimpo^. 

Three operations which occur relatively fre** 
quently v^l only be considered here, viz., 
^uping of several portraits in one photograph, 
putting a Imckground into a portrait, and addmg 
clouds to a landscape. 

In order to print several separate portraits 
(members of the same family, or one person in 
several different poses), vignrtted on a white 
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background, on to the same sheet of paper, 
make a model by assembling prints from the 
various negatives on a glass plate of the same 
size as the paper to be used. These prints, made 
on thin paper, should be stuck to the glass by 
their backs. 

Frames of thin card, cut out so as to receive 
this glass plate with little play, are then fixed 
to each of the negatives such that, the model 
on glass being placed in the frame, emulsion to 
emulsion, the image on paper coincides exactly 
with that on the negative. Each subject is then 
printed in turn by placing the sensitive paper 
in the appropriate frame. 

Film background negatives are sold which 
reproduce the standard types of professional 
backgrounds (draperies, cloudy backgrounds., 
various interiors) of which the central portion is 
either completely transparent or completely 
opaque. In the first case the masks are super- 
imposed on a portrait negative which has been 
taken in front of a plain and very dark back- 
ground, the background and the subject being 
afterwards printed at the same time. In the 
second case, after exposing the paper under 
the negative of a portrait ta^en with a uniform 
white background (or blocked out afterwards 
to hide a defective background), it is exposed 
under the background negative, suitably propor- 
tionmg the two times of exposure. 

624. The use of a panchromatic emulsion and 
an appropriate filter usually allows the sky in 
a landscape to be recorded quite satisfactorily, 
but the image of the sky on a non-colour-sensi- 
tized emulsion is nearly always so over-exposed 
that it is represented by white paper on the 
print. It is possible, however, that the sky 
be a uniform blue or grey at the time the 
photograph is taken. The print can be improved 
by giving the sky extra exposure so as to shade 
it sligtitly to a darker grey at the top of the 
print, but for the purposes of composition it 
is often very useful to fake some clouds. To* 
do this, the sky from another negative is used, 
it being essential that both negatives are made 
under the same lighting conditions (i.e. height 
of tlie sun and its direction relative to the 
camera). A sky which is too dark should alwa^ 
be avoided, because, except during a storm, the 
darkest parts of the clouds are fiJways lighter* 
than the shadows in the landscape. 

Before proceeding with the printing a m^ 
is made to cover the portions of the sky negative 
which would be printed on to the landscape. 
Its counterpart is sometimes used to mask the 


sky on the landscape negative. This mask is 
best made from a print of the landscape nega- 
tive made on print-out paper, by cutting it out 
with fine embroidery scissors. The two parts 
are then exposed to light until uniformly dark- 
ened, The mask of the sky is then attached to 
the landscape negative, and the landscape mask 
to the sky negative, by means of a few spots of 
rubber solution. Thi.s operation is best done on 
a sheet of glass lighted from beneath. The two 
printing operations are then done by diffused light. 

A sky may be added to a transparency more 
simply, by printing the cloud negative on a 
second plate, which afterwards takes the posi- 
tion and place of the usual cover glass. The 
direction of the light in the cloud negative 
must be chosen with regard to the fact that the 
picture is reversed. This method allows an 
excessively dense sky to be corrected if neces- 
sary, by reduction, and simplifies the register 
of the two pictures. A sky may also be trans- 
ferred to a positive transparency without any 
difficulty by the aid of a stripping positive paper. 

625. General Hints. The glass of the frame 
or printer should be carefully cleaned on both 
sides, and the felt pads brushed before work is 
begim. The back of the negative should also 
be cleaned, if necessary. 

Carefully place the negative correctly in the 
frame, with the gelatine side away from the 
glass support. Fix the mask, if any, in position 
and then the sensitive paper or plate, the sensi- 
tive side in contact with the negative, avoiding all 
contact of the fingers with the surface ; keep the 
whole in position by pressure with the hand while 
the first part of the hinged back is fixed in place. 

To avoid errors in the number of prints to be 
made count out the required number of sheets 
of sensitive paper and place them in a separate 
box at the beginning. 

In exceptional cases, where it is necessary to 
make a print from the reverse side of a film 
negative, or even from a glass negative, parallel 
light or light from a point source at a great 
distance from the frame should be used. 
When printing by artificial light, the source of 
light should be as small as possible, and the 
frame placed as far from it as is convenient with- 
out prolonging the exposure excessively. If 
an enlarging or projection apparatus which is 
fitted with a condenser is available, an almost 
parallel beam of light can be obtained by suitably 
adjusting the light source. Printing can then be 
carried out nearer the lamp and with considerably 
shorter exposures. 



CHAPTER XXXTX 
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626. General. A negative can be enlarged either 627. Enlarging with Condensed and Diffused 
directly, by projecting on to a positive sensitive Light. Very different results, particularly as 
surface an enlarged image of the negative, or regards the contrast of the image and the 
indirectly by first making a positive transparency prominence of minute defects in the negative, 
of the same or slightly larger dimensions as the are obtained depending on whether the negative 
original negative, and then an enlarged negative to be enlarged is illuminated by a beam of light 
from which the nnal prints arc made by contact, coming from the source and caused to converge 
As a curiosity, mention may be made of a into the lens by an appropriate optical system 
method suggested on several occasions (C.Scolik, (the condenser), or whether the negative is 
1895) and which has recently (1949) been illuminated by a uniformly diffused light, 
revived in the U.S.A. for making paper prints Other working conditions being the same, the 
from colour transparencies. This consists of contrast of the image is always greater in the 
enlarging the original negative by expansion print enlarged with a condenser than in a print 
of the gelatine film (§ 582) without previous enlarged by diffused light, and at the same time 
tanning. Such a method is necessarily very retouching and the minute defects on the 
uncertain, and it should be noted that if the negative are emphasized, owing to the increase 
• negative is enlarged n times the densities (and in their contrast with the parts of the image 
in consequence the contrast also) are reduced where they appear. In an enlargement made by 
in the proportion to i. diffused light the contrast of the image is much 

As a rule, the direct method is chosen when the same as in a contact print from the same 
only a limited number of enlarged copies of one negative on the same sensitive material. The 
subject are to be made on bromide paper. The small surface defects are not more pronounced, 
indirect method is preferred for the production except as regards their size, than in the contact 
of a large number of identical enlargements, and print. The variation in contrast when passing 
it is the only practical one if the enlarged prints from directed" light to diffused light is some- 
are required on papers of low sensitivity, such what decreased when the lens aperture increases 
as carbon and platinum papers. (H. Backstrom, 1921 ; G. Boutry, 1934). 

An imf^oper application of the principle of When the same negative is enlarged in differ- 
the reversibility of rays (§63) has often led to ent types of enlarger, equivalent results have 
the recommendation to employ, when making been obtained with papers of which the logarithm 
an enlargement, the same lens with which the of the range was — 
negative was taken. It is not possible to expect ^ 

even the correction of distortion by this means, ^«cted light (clear bulb, condenser) x i 
because the negative does not occupy the same ^Ib and condenser .10 

position in relation to the lens that it had in Clear bulb, opal diffuser . . .0-9 

the camera except when the enlarged image is mercury vapour lamp and ground 

of the same dimensions as the subject photo- ^ 

graphed, which is not generally the case. In a beam of directed light, the most trans- 

With the large number of enlargers which are parent parts of the negative are non-scattering, 
now available it is usual and, in fact, preferable or scatter only slightly, and thus deviate from 
to use a lens which has been specially designed its normal path only a negligible fraction of the 
for working at the distances such as are common light transmitted. On the other hand, the 
in this type of work. The corrections required in densest parts are highly diffusing, and scatter in 
an enlarging le^ are more nearly the same as all directions an appreciable part of the light 
those required in copying cameras and process which has penetrated them. Nearly all &is 
cameras than lenses computed for ordinary scattered light fails to reach the lens, and conse- 
photographic work. The subject matter is flat ouently the dense parts have an apparent 
and the ratio of image distance to object distance density greater than their actual density with 
seldom exceeds 10 to i. a resultant increase of contrast. 
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In a negative illuminated by completely 
diffused light, that is a negative of which ea^ 
point receives light at all possible angles of 
incidence, there is a balance between the light 
which is travelling towards the lens before 
reaching the negative and is scattered by the 
latter, and the light which has reached the 
negative at other angles and is likewise scattered 
in the direction of the lens. 

The first study of this phenomenon was made 
by A. Callier in 1909, hence the name of Callier 
effect sometimes given to it. This investigator 
showed that tlie densities in condensed light for 
a given negative are equal to those in diffused 
light multiplied by a constant factor. Since 
then it has been recognized that the relation 
between these two values of density is consider- ' 
ably more complicated. F. F. Renwick and O. 
Bloch (1916) have found that the relation 
between the two densities D* in diffused light 
and D || in directed light is of the form : log D ll 
— a log -f h, the values a and h varying 
from one negative to another according to the 
emulsion used and the methods of treatment. 

With a negative of which the densities 
measured in diffused light ranged from 0*40 to 
1-90 there was found, with directed light, 
densities of 078 to 3-53 which range no paper 
is capable of recording. 

The various factors that reduce the scatter of 
light by the surface of the negative to be en- 
larged, e.g. varnishing or immersion in a liquid, 
will also reduce the effect of superficial defects 
(scratches, retouching, etc.) but will increase the 
contrasts of the image (C. Winther, 1922). It 
is easy to see that varnishing confined to certain 
parts of ihe image (parts treated with retouch- 
ing medium for subsequent retouching) leads 
to markings with well-defined outlines. 

All factors increasing the scatter of light by 
the silver deposit will obviously exaggerate the 
differences in rendering due to the two methods ^ 
of illumination. These differences are more 
marked in the case of a negative of coarse grain 
than with a negative of fine-grain emulsion. 

Enlargement with a condenser requires a new 
adjustment of the light source for each variation 
in the scale of enlargement. To avoid these 
many adjustments, a ^eet of ground glass is 
sometimes fitted b^ween the condenser and the 
negative to be enlarged. The ground glass is 
thus uniformly illun^ted, and its scatter is 
predominantly towards the lens, this action 
and the consequent increase in the amount of 
light passing the lens being then the sole advan- 


tage of using the condenser. The results thus 
obtained differ little from those with uniformly 
diffused light. 

Finally, the graininess of the negative image 
is very much less apparent in prints enlarged by 
diffused light than in prints enlarged with a 
condenser. It is often found that an enlarge- 
ment of 10 times with diffused light shows less 
grain than one of 3 times with directed light. 
The cause of these differences is easy to under- 
stand if it is borne in mind that, in enlarge- 
ment with directed light, the image of a point is 
formed by a narrower pencil of light rays. A 
black patch will therefore be produced in an area 
of light tone if a part of this pencil has been able 
to pass between several clumps of grains. In 
enlargement with diffused light, where all 
possible directions of the incident light have 
united in forming the image of a point, the 
chances that some light-rays can pass freely 
between the clumps of grains are nearly the 
same for all points of the image. 

Using a condenser enlarger, it is possible to 
obtain effects similar to those produced by a 
diffused light enlarger by inserting an opaque 
stop into the lens so as to block out the central 
zone (E. W. H. Selwyn, 1943). Systematic 
experiments undertaken by the same apthor 
showed that the graininess of an enlargement 
made in condensed illumination was 2-5 times 
that of an enlargement made by diffused lighting, 
the working conditions being adjusted so that the 
two enlargements obtained were identical, with 
the exception of the graininess. 

628. N^atives Best Suited for Enlarging. 
The graininess of a negative being always greater 
as the densities are higher (L. A. Jones and N. 
Deisch, 1920), it is necessary to avoid all circum- 
stances likely to increase the density of the 
image uselessly, e.g. over-exposure, fogging of 
various kinds, over-development (since with 
tjearly all developers graininess increases much 
more rapidly than density) and all factors 
which may cause incipient reticulation, such as 
a too warm developer, a warm fixing bath not 
containing a hardener, and prolonged washing 
in hot weather. If the water available is hi^fhly 
charged with minerals, precautions must be 
taken to avoid any deposit of lime on the 
negatives. Care must also be taken to avoid 
dust settling on the negatives during drying. 

The increase of contrast when enlarg^ with 
a condenser is of value in enabling the b^t use 
to be made of correctly-exposed and somewhat 
under-developed plates. Such negatives are also 
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suited for enlargement by diffused light on con- 
trasty papers. 

Negatives which have been retouched or 
negatives with small defects may usefully be 
varnished, being then best enlarged by diffused 
light. 

629. Loss of Detail in Enlarg^. Multiple 
reflections between the various air-to-glass sur- 
faces (lenses of the objective, glass plates 
between which the negative is placed) contribute 
a general fogging of the enlarged image and a 
loss of contrast which is particularly noticeable 
when a contact print is compared with an 


enlargement made by diffused illumination. 
The loss of contrast, moreover, cannot be com- 
pletely compensated for by using a more con- 
trasty paper; this will not restore the detail 
lost due to the illumination. 

This loss of contrast can be best avoided by 
the use of a mask which covers all but the area 
of the negative being used. It is particularly 
necessary to mask off all light passing round 
the negative and through the transparent 
rebates of the plate holder. 

The heating effect on the negative, resulting 
from a long exposure, can be reduced by using 
as a mask not black paper, which absorbs much 
of the radiation, but thin aluminium or tin foil 
which reflects it. 

ft is useful to know, for a given enlarger, the 
relation between the density steps of a contact 
printed copy of a step wedge made on the nega- 
tive material normally used and enlargements 
from the same step wedge made on different 
grades of the same paper. In this way, it is 
possible to make a reliable choice of the grade 
of paper which must be used to enlarge a n^a- 
tivc from which a perfect contact print has 
been made on a certain grade of paper. 

630. Enjarger. The most logical classiflca- 
tion of enlaigers, apart from the consideration 
of their illumination system, whether it be 
diffused light or condenser, is into vertical and 
horizontal types. 


The vertical enlarger is popular, especially 
with amateur photographers, because it takes 
up less space than the horizontal type, size for 
size, and is far more convenient to use. 

In spite of the inconvenience horizontal 
enlargers are still in use, since they have a 
flexibility which the vertical enlarger lacks, and 
the maximum size of enlargement of which they 
are capable is, under favourable circumstances, 
unlimited. 

Optically these two types are identical, the 
vertical enlarger being simply a horizontal 
enlarger standing on its easel. The choice of 
enlarger must inevitably remain a 
matter of personal taste. 

The growth of miniature negative 
photography has brought into being 
new patterns of enlargers, intended 
for the photo-finishing establish- 
ments. Their appearance and method 
of use resembles that of contact print- 
ing machines. These enlargers are of 
fixed focus or only allow of a small 
number of pre-set magnifications. The 
arrangements for controlling the exposure are 
very similar to those used in semi-automatic 
printers. Pressure on one of a series of keys 
controls either the length of the exposure 
time for a constant intensity or the intensity of 
the light for a constant exposure time. Exposure 
may be automatically set by means ot a photo- 
electric cell. 

Enlargements by Directed Light 

631. Principles of Enlargement by Directed 
Light. Let us consider a lens L (Fig. 39.1) 
and a drawing on glass N placed perpendic- 
ularly to the optic axis, in such a position 
that a sharp and enlarged image of iV is cast 
by the lens on the plane P. Let us assume that 
at C, on the other side of N, there is an achro- 
matic and aplanatic convergent system, the 
optic axis of which coincides with that of the 
lens, and that at 5 , on the optic axis common 
to the system, there is a point source of light, 
of which the image, also reduced to a point, is 
formed at S' at the centre of the entrance 
pupil. 

Under these ideal conditions, which can nevei 
be completely realized in practice, the lens could, 
without any disadvantage, be of poor quality 
(or even absent) without affecting the qiklities 
of the image (or shadow) projected at P. The 
drawing JV is, in fact, projected on P from the 
projection centre S', as t^ beam issuing from 
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the condenser C is assumed to be aplanatic. 
Each point of the drawing N is traversed by one 
ray only, and in particular the intensity of the 
image formed at P is entirely independent of 
the size of the stop D. In the case where the 
image S' of the light source does not coincide 
with the centre of the entrance pupil, the sole 
effect of a gradual closing of the stop D will be 
to intercept some of the more oblique rays, thus 
limiting the extent of the part of the plane N 
of which the image is projected at P, but without 
affecting the intensity or the sharpness of the 
central area remaining. 

Barring very rare exceptions (reproduction of 
a line drawing perfectly free from veil), the 
negative or positive placed at N is more or less 
a scatterer of light. The whole of the light 
emerging from such a negative or positive is no 
longer directed ; a fraction of this light is scat- 
tered and therefore covers the whole aperture 
of the lens. The combination of condenser and 
lens does not therefore usually form a single 
optical system, and therefore its “ optics call 
for somewhat detailed consideration from the 
practical standpoint. 

Ordinary condensers, made of roughly- 
moulded lenses, are neither achromatic nor 
aplanatic; and, moreover, the light sources 
employed for enlargement or projection are 
never point sources. There is therefore no 
point of assembly S' of all the rays issuing from 
the condenser, but merely a concentration of 
the beam on a surface, which is greater as the 
source of light is larger and the aberrations of 
the condenser are more considerable. It may 
be noted that a poor lens used with an aplanatic 
condenser can give a better image, especially 
with a negative or positive which does not 
scatter light, or only does so slightly, than a 
perfect lens used with a bad condenser. 

In the conditions which prevail in practice, 
the case is intermediate between illumination 
by directed light and illumination by diffused 
light, but with a marked predominance of 
durected light. From each pomt of the image 
there emerges a cone of rays which more than 
covers the whole surface of the lens, but with an 
intensity predominating round the straight line 
joining the centre of the entrance pupil to the 
point in question. If the lens is of poor quality, 
stopping down may then improve the detoition 
a little in the centre of the projected ima^, 
reducing the intensity very slightly. But its 
chief effect is to intercept die hist part of the 
beams forming the image of the margins, only 


the diffused light being retained, and the conse- 
quence of this is to restrict the field which is 
uniformly illuminated. 

Whereas, under ideal conditions, the illumina- 
tion of the image would depend solely on the 
intrinsic brilliancy of the light source used, this 
is not the case in practice. The brightness of 
the light is not the sole factor, although its 
influence is still dominant. For instance, if a 
lamp with a certain size filament is replaced by 
another of twice the linear size, giving four times 
the illuminating surface, the illumination of the 
image will not he more than doubled at the most. 
It is sometimes of advantage, from the point of 
view of the sharpness of the images, to stop 
down a light source of large size in spite of the 
slight loss of light resulting from the elimination 
of the portions of the light farthest from the 
optic axis. 

632. Condensers. The condenser is usually 
formed of two identical plano-convex lenses 
the poles of which are almost in contact. 

As the pole of a plano-convex lens is the nodal 
point for the space towards which the convexity 
is turned, it will be seen that the interstice of the 
combination (§70) is equal to the distance 
between the poles, usually ^ in. The resulting 
focal length is therefore very little different from 
half the common focal length of the two elements, 
the nodal points of the complete system dividing 
the total thickness of the condenser into abou^ 
three equal parts. The aberrations of such a con-; 
denser are at their minimum when it can be used 
symmetrically, the light-source and the entrance 
pupil of the lens then occupying the focal planes 
of the single plano-convex lenses. 

The following table lists the characteristics of 
the usual two-lens condensers — 

Diameter of lenses (mm) . loa iss 150 aoo 250 303 

Thickness of lenses (mm) . sa 30 3* 38 40 00 

Focal length of condenser (mm) .7® 83 las *55 *9® *3® 

’ Occasionally condensers are used of which the 
components, named in their order, starting from 
the light source, are a converging meniscus 
(concave surface turned to the light) and a bi- 
convex lens, or a converging meniscus (turned 
as in the preceding case) followed by the two 
plano-convex lenses of an ordinary condenser. 
As the focal length of this tripU condenser can 
be shorter than that of an ordinary condenser 
of the same diameter, the light-source can be 
brought nearer, thus utilizing a larger portion 
of the light emitted. 

It is easy to get a clear idea of the magnitude 
of the aberrations of a condenser by examining 
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the shape of the beam issuing from the conden- 
ser by arranging a dark background behind the 
beam and blowing smoke into the latter. Or 
the beam may be cut along its axis by a plate 
of mat alumininium on which the caustic 
(envelope of rays of light) appears very clearly 
and can be photographed. This exj^riment 
enables a clear idea to be obtained of the effect 
of the size and position of the light source. 

For a more exact test of a condenser, the 
light source is replaced by an opaque screen 
of the same size and shape as the light. This is 
stuck on to a diffusing screen, e.g. ground glass 
which is illuminated as uniformly as possible. 
If the condenser is perfect and perfectly adjusted 
(§b33) the easel will be uniformly dark when 
viewed in the ordinary' way. All parts of the 
easel which are illuminated under these condi- 
tions correspond to zones of less illumination 
in normal working (L. T. Beechlyn, 1922). 
We may also mention the development of 
aplanatic condensers, including at least one 
surface of non-spherical curvature, up to 
diameters of 25 in. (L. V. Foster, 1926), and of 
condensers with zonal aberrations adjusted so 
as to attenuate the falling off of light from the 
centre to the margins of the projected image 
(Zeiss, 1931). 

Condenser lenses, being always corap>aratively 
thick and made of glasses the transparency of 
which is not perfect, absorb an appreciable 
fraction of the rays w^ch reach them and thus 
gradually become heated, sometimes attaining 
high temperatures with a resultant risk of 
fracture in case of sudden cooling by a current 
of air. In spotlights and floodlights, use is 
made of lenses of stepped (Fresnel) formation 
(similar to those in lighthouses) which can be 
very much thinner, and therefore absorb much 
less light. Such condensers cannot be used in pro- 
jec'tion and enlarging, as the negative or positive 
is quite close to the condenser, and the image of 
the latter would appear in the projected picture. 

The usual mounting of condensers, a tube in 
which the lenses are kept at their normal separa- 
tion by a cylindrical sleeve and held firm by 
screwed rings, could very easily be improved. 
The screw threads are ridiculously hne in regard 
to their diameter, so that putting together a 
condenser after cleaning is a veritable feat of 
patience. Also, while ventilation holes are pro- 
vided to allow of the expansion of air without 
interior pressure, they are more or less closed 
by the sleeve (on the lantern) into which the 
condenser is fitted, so that they do not allow 


the renewal of the air within. Various improve- 
ments have been devised in the construction of 
condensers, but these advances have been 
applied only recently. For example, sepnents 
have been cut out of the lenses permitting the 
free circulation of air between the glasses and 
their mount (L. Turillon, 1902) ; or the screw 
mount has been replaced by a mount with 
elastic claws, both permitting the free circula- 
tion of air and simplifying the work of taking 
to pieces and putting together again, as well as the 
replacement of lenses, in the diameter of which 
there is always a certain latitude (G. M. Coissac, 
1905). Other mountings that facilitate taking 
apart and putting together for periodic cleaning 
are those with hinges or with a bayonet joint. 

633. Adjusting the Position of the Light. The 
adjustment of the position of the light must be 
preceded by the projection of the image to the 
required size and in rough focus (§642). After 
this preliminary adjustment has been effected, 
the negative carrier is taken out and the light 
is centred by examining the illuminated disc 
in the plane that will be occupied by the sensitive 
surface. 

If the centring is perfect, this disc will be 
uniformly illuminated. As a rule this will not 
be the case, faults in centring revealing them- 
selves by characteristic shadows. 

If the light source is centred on the optic 
axis, but is at an incorrect distance from the 
condenser, the illuminated disc appears bounded 
by a darker zone which is bluish (light too near 
the condenser) or reddish (light too far from the 
condenser). Let us suppose (Fig. 39.2) that the 
condenser and the lens occupy respectively the 
positions C and L, and that the light source 5 
is in such a position that its image S\ produced 
by the marginal portions of the condenser, is 
formed a little in front of the lens. Then all the 
light transmitted by the condenser will be 
utilized by the lens, and the latter will produce 
on the easel a fairly sharp and uniformly illum- 
inated image of the condenser. Let us suppose 
that, for an enlargement on a smaller scale, the 
lens is moved farther away from the negative 
carrier so as to occupy the position L, It is 
obvious that we shall restore the former condi- 
tion by bringing the light-source 5 nearer to the 
condenser C until the image S' is close to L'. 
If this is not done, i.e. if the light is left too far 
from the condenser, the marginal parts 0' of 
the disc projected on the easel are much less 
illuminated, being lighted only by the rays 
least refracted, that u, the red rays. 
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If the light is not centred on the optic axis 
common to the condenser and the lens (Fig. 39.3). 
decentred shadows appear, reddish in the posi- 
tion 0, or bluish in the position 0 ^, according 
as the lens is in the position or 1,, i.e. near 
the image Sj of the source produced by the 
marginal rays, or near the image Sj of the source 
formed by the central rays. (In the figure the 
spherical aberration of the condenser has been 
greatly exaggerated.) 

It may therefore be said that in all cases a 


shift of in. when passing from one position 
to the other. In order to avoid having to alter 
the distance of the light afresh for every varia- 
tion in enlargement, it has been suggested that 
the negative should be kept constantly in 
the focal plane of the enlarging lens and to fit 
the latter with a supplementary lens. A different 
supplementary lens is used for each different 
degree of enlargement. If F is the focal length 
of the lens, it is necessary for an enlargement 
of n times to employ a convergent supplementary 



Fig. 3C) 2. Effect of Distance of Enlarging Lens from Condenser 



Fig. 39.3. Effect of Decentring of Light-source from Optical Axis 


blue shadow indicates that the light must be 
moved farther from the condenser, whilst a 
red shadow is a sign that the light must be 
brought closer. Finally, any unsymmetrical 
form of the illumination of the disc shows that 
it is necessary to shift the light transversely in 
the dUrection indicated by the centre of the 
shadow. 

If, for instance, the condenser has a focal 
length of 5 in. and the negative is at f in. 
from the plane surface (of the condenser) 
nearest to it, and the degree of enlargement is 
first 2, and then 10, in each case with a lens of 
6 in. focal leng^ (the extra-nodal distances from 
the negative to the lens being in. and 9 in., 
the extra-nodal distances from lens to condenser 
being about 7$ in. and 10 in., with a condenser 
of a total tUckness of about z}in.)i then it 
will be necessary for the light source to be 
brought to a distance of about 9^ in. and then 
to about 5 in. from the condenser, that is a 


lens of a focal length equal to nF (A. Lockett, 
1920). 

634. The Choice of a Condenser Enlarger. 
The usual types of enlargers are described in 
the catalogues of the principal manufacturers, 
so that it is only necessary to make a few 
remarks and to indicate the conditions to be 
loh^erved in order that the adjustments described 
in the preceding paragraph shall be possible. 

According to the maximum size of the nega- 
tive to be enlarged, it is preferable to use a 
condenser of the diameter shown in the table on 
page 382. 

The lens must not be chosen of too short a 
focal length, especially if it is wished to enlaige 
on a large scale, for it may be then impossime 
to project the image of the light source near "to 
the entrance pupil of the lens ; insufficient length 
of the lamp house may make it impcmble to 
move the light iar enough back. Be^des th&, 
if the light u at a distance from the condenser 
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Nominal sixe, in. 

*1 X 2i 

3i X 3i 

Kimi 





cm 

7 X 7 

8x8 

kqqq 





Diagonal, in . . . 

4 



1 6 

9 


1 «5» 

cm . 

9*9 

lys 

II-I 

*5 

22*2 


1 38*4 

Diameter of the lenses, in. . 

4 

4i 

6* 

9 


16 

cm . 

10-3 

”•5 

16 

23 

Hfl 

40 

Focal length in. 

3 

3i 

4i 

7 

10 

X 2 

approx, cm 

7-5 

8 


II-5 

17*5 

245 

30 


N.B. — The conversion of centimetres into inches is not absolutely accurate, but is near enough for practical 
purposes. 


more than twice the focal length of the latter, 
the light-rays converge on leaving the first 
glass, so that the condenser does not illuminate 
so large a circle in the plane of the negative 
which is being enlarged. On the other hand, a 
lens of too great a focal length renders it neces- 
sary to have a room of considerable length 
(§64). In practice it is best to select a lens of 
which the focal length is at least equal to that 
of the condenser and does not exceed it by more 
than 30 per cent. 

It ^ould be noted that a lens intended for 
enlarging by directed light should have an iris 
diaphragm of metal, as leaves of ebonite may be 
deform^ or burned (§ 72). 

The lamp house must be well ventilated, and 
the ventilation holes must be jjerfectly light- 
trapped. The lamp support must be long 
enc^h to allow of kil the variations that may 
be required for various degrees of enlargement. 
A slot should be provided for a sheet of ground 
glass. This is b^t placed against the surface 
of the condenser farthest from the light, and 
enables the enlarger to be used with diffused 
light if desired. The position of this ground glass 
must be far enough from the negative for its 
structure not to appear in the enlargement. 

The negative carrier should slide easily into 
its slot, but without play. Sometimes the nega- 
tive stage is movable in relation to the condenser, 
to whi<£ it is then connected by a bellows. This 
is of value in cases where it is desired to enlarge 
negatives smaller than the normal size, because 
they can be placed in a position where the 
^verging beam of light from the condenser 
is of a smaller section, and thus affords a greater 
concentration of light. It may be necessary, in 
order to benefit by this advantage, to replace 
the usual lens by one of shorter focus. To 
avoid having to use another lens it has been 
suggested to use a divergent lens (e.g. plano- 
concave) between the condenser and the nega- 


tive and close to the latter, so as to shift back 
the smallest section of the beam issuing from 
the condenser (G. Massiot, 1905). 

It is desirable for the negative carrier to be 
capable of being de-centred, and it is desirable 
that the enlarger should include no other part 
capable of being de-centred, at any rate when 
it is being used with directed light. 

Enlarging with Diffused Light 

635. Uniform Illumination with Diffused Light. 
By placing a light source near the focus of a 
condenser we obtain uniform illumination of a 
diffuser placed on the other side of the condenser. 
While this arrangement has been actually used 
in some enlargers working with diffused light, 
it is usual to avoid in such cases the expense 
of a condenser, which can easily be dispensed 
with. 

In the absence of a condenser, means must be 
taken to ensure the fairly even illumination of 
the diffuser employed. As a reminder we must 
mention the use (Schmidt and Haensch, 1913), 
of the Ulbricht’s integrating sphere for uniformly 
illuminating the negative to be enlarged, 
commonly used in photometric work. This is a 
hollow sphere with mat white internal walls in 
which there is an excentric aperture for the 
light and an aperture for the negative carrier 
which is shielded from the direct rays from the 
lamp. 

This system has now been introduced in the 
U.S.A. (1949) in several models of enlarger which 
use a circular fluorescent tube (Fig. 39.4). The 
lamp house takes the form of a flattened hemi- 
sphere with the tube slightly above the plane 
of the negative so that no direct light whatever 
from the source can fall on the negative. All 
of the illumination comes from the integrating 
surface of the hemisphere which is sprayed mat 
white. 
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1 1 is, however, more iisual to use the light given 
b\ an opal lamp together with either ground 
glass or opal diffusers. This system is scarcely 
i\er completely uniform and it is usually 
TU'cessary to reduce the excessive transmission 
in the central part of the diffuser. 

To reduce the excess of light in the part of 
the diffuser directly facing the lamp, it is possible 
to use a lamp of which the bulb is ground or 
silvered at the tip. The central area of the 
diffuser is then lighted only by diffused light. 
When two diffusers are used, one behind the 
other, the absorption of light by the centre of 
the diffuser nearest the lamp may be consider- 
ably increased. For instance, in an automatic 
enlarger made in the United States to the 
specification of R. S. Hopkins (1918), the first 
diffuser consists of a sheet of glass of which 
only the centre is ground, with vignetted edges, 
while the second diffuser is a glass ground 
uniformly of fine grain. The same result can be 
obtained by varnishing or oiling the marginal 
areas of an ordinary ground glass and by in- 
creasing the central absorption by pencilling, 
or again by placing on a sheet of dear glass 
cut-outs of tracing paper, or, finally, by using as 
a mask a negative obtained by exposing a slow 
plate behind a yellow filter to the light of the 
lamp, the plate during this exposure being 
placed in exactly the same position that it will 
(K:cupy when enlargements are being made. By 
suitable exposure and development this negative 
will show a gradation between the centre and 
edges compensating satisfactorily for the inequal- 
ities in illumination. 

Whatever the method of illumination em- 
ployed, it is necessary to see that the diffusers 
used are of size distinctly greater than that of the 
largest negative to be enlarged if the marginal 
areas of the image are to be satisfactorily illum- 
inated, even when enlarging on a relatively large 
scale, since in this case the extreme beams 
indude the maximum angle of held. 

Instead of securing uniform illumination of 
the diffuser, it is often advantageous to increase 
slightly the illumination of the marginal por- 
tions, so as to compensate for the effect of the 
obliquity of the extreme beams (§ 56). 

636. Combined Li^^ting System. It is com- 
mon, especially in the case of enlargers for 
miniature negativ^, to use a simple lighting 
systdn which consists of a single plmo-convex 
condenser (the flat side of which presses on 
the top of &e negative to hold it flat) in com- 
bination with an opal lamp. Tins system has 

aSHO.S®So) 


the advantages of low cost, no lamp adjustment, 
and does not show grain and blemishes too 
badly (advantages which it derives from the 
diffused light source) and the relatively higher 
efficiency and shorter exposure of the condenser- 
enlarger. 

637. Vertical Enlargers. The very numerous 
patterns of vertical enlargers range from com- 
mercial models for exact work, bmlt with a rigid 
frame of cast steel resting on the floor, to the 
light-weight models for amateurs. In many 
of the present-day instruments, there is an 

Mat white finish 
reflector 



Fig. 39,4, The Lighting System of the “Kodak 
Fluorite" Enlarger 

automatic linkage (§69) to keep the nega- 
tive and the lens in conjugation with 
easel. The operator is thus relieved of all 
attention to focusing, the movement of one 
part ensuring the correlated movement of tl^ 
other, so that the image is caused to padli 
successively through all the possible degre^ of 
enlargement. In the case of directed light, 
such automatic linkage would be very compli- 
cated owing to the need for providing a supple-t 
mentary link between the light source, con- 
denser, and lens. An additional hand-focusing 
adjustment (helical lens mount) should be 
provided. In spite of their obvious advantage 
^he high cost of these fitments prevents their 
geheral use. 

Owing to the diversity of the typ^ of verti^ 
enlargers, we advise that their detailed descrip- 
tions be studied in the leaflets and catalogues 
issued by the makers. 

638. Various Bniaifers. From time to time 
there have been made, for amateur use, attach- 
ments interchangeable with the dark sli^ of a 
plate camera. These attachments consist a 
negative carrier and of a light-box for illumina- 
ticm by diffused light, genc^y in the form of a 
mat-white reflertot. either plane or parabolic. 
This is illuminated by one or more lamps placed 
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on the sides in recesses which shield the negative 
from direct rays. These enlargers are used like 
a prelection lantern, the image being projected 
on an easel fixed to the wall. 

Practical Enlarging 

639. Fixing the Sensitive Paper in Position. 
With vertical enlargers the placing of the paper 
is usuaUy done by metal masking frames which 
act both as masl^ with variable openings and 
as pressure plates, holding the paper flat. Failing 
these, the paper may held down by small 
weights of cast iron or lead placed at the edges 
and serving also to keep down any mask or 
strips of opaque paper which may be used to 
limit the surface to be exposed. The same 
methods of fixing are appln^ble to plates or 
films. 

Fixing the paper to a vertical easel by means 
of drawing pins (steel pins with glass heads 
forming small grips are preferable to ordinary 
drawing pins) is practical only if the easel is fixed 
to the wall or hinged so that it can be turned down 
into a horizontd position on a rigid support 
and then returned to the same position that it 
occupied during focusing. Otherwise there is a 
risk of shifting the easel when pushing in the 
drawing pins. A facing of the easel with cork 
lino pa^y removes this objection. At various 
times attempts have been made to construct 
easels of light metal covered with a layer of 
pressed granulated cork, but drawing pins do not 
usually hold if pushed in close to a former hole. 
If the enlargements are made in only a few sizes, 

’ it would be better to use hinged frames which 
hold the paper stretched by all four sides. 
It is often preferred to keep the paper flat 
under a thin sheet of glass in a kind of simplified 
printing frame, in spite of the fact that the glass 
sometimes causes a slight diffusion of the light, or 
a double outline in the images (especially where 
two very contrasted portions of the pictures 
meet), even when the glass is without flaws and 
perfectly clean. It is of service to have squares 
ruled, or a scale in inches, or rectangles corres- 
ponding with the various usual sizes, on the 
easel, or on the board closing the paper frame 
(or on a sheet of white card used to cover either 
when focusing). 

Sheets of papa: of small or medium sizes are 
held sufficiently by a ma$ki/^ frame, i.e. a frame 
with a cardb<^ rebate in whidi a mask of 
black paper is placed, and the sensitive paper 
then kept against the rebate by a flap of card- 


board hinged to the frame. Ibis frame is slipped 
under strips of wood or under the heads of one 
or two screws partially driven into the enlarging 
easel. 

All these devices may be used for holding 
films. When enlarging on glass plates it is 
customary to use a printing frame or a dark 
slide, either of which is attached to the easel by 
any convenient means. 

640. Testing Parallelism of the Negative and 
Sensitive Paper. In the case of a vertical en- 
larger the parallelism of the planes of the nega- 
tive and easel can be readily tested by means of 
a spirit level. The instrument is first placed so 
that the easel is horizontal, and then the light- 
box is removed and tests are made to see Uiat 
a glass plate put in the negative carrier remains 
horizontal in all the positions in which the carrier 
can be placed. 

When using a horizontal enlarger, the paral- 
lelism is tested by sights on a mirror successively 
applied against the negative carrier and the 
enlarging easel as descril^d in § 162 for adjusting 
a copying camera. 

641. Placing the Negative in Position. Glass 
negatives are usually held in a frame with re- 
bates with spring turn-buttons to keep them 
firm. When several negatives of different sizes 
have to be enlarged one after the other, one 
may use either a set of adapters nesting one 
within the other, or separate negative carriers ; 
the latter are better for holding the negative in 
position. 

It is well to cut down to a minimum the 
amount of stray light due to successive reflec- 
tions, both in the lens (§ 58) and in any glasses 
used to hold a film negative. This is done by 
masking all the superfluous parts of the negative. 
In this way much cleaner high-lights and margins 
are obtained in the enlargements. 

When a film negative is being enlarged it is 
usually sandwiched flat between two sheets of 
glass, which introduces four additional surfaces 
for stray reflections, and thus tends to veil more 
or less the enlarged picture, especially in the 
absence of a mask stepping all light around the 
part of the negative being enlarged. To prevent 
heating of the film during exp<»ure from caus- 
ing shrinkage and warping, it is well to dry it 
by moderate warming before exposure, and to 
cover it with a thick glass limiting the amount 
of heating and ensuring flatness. The number 
of marks due to dust or to imperfect cleaning 
are also increased. In the enlarged image there 
are sometimes annular fringes around each 
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point of contact of the film with one of the 
glasses (§ 609). Badly scratched negatives can 
be much improved, if the number of free sur- 
faces is reduced to two by wetting the film with 
glycerine and then placing it between the glasses 
(all air-bubbles being removed), as the whole 
may be considered as one optical medium ; this 
immersion would, if required, permit the en- 
largement by “directed" light of films with a 
mat back surface (§ 243). 

In cases where scratched film negatives have 
often to be enlarged the same result can be 
obtained more simply by means of a glass 
trough filled with a volatile fluid which renders 
unnecessary the washing and drying needed with 
glycerine. Carbon tetrachloride (a non-inflam- 
mable liquid) is generally used; its refractive 
index is nearly that of the mean refractive index 
of gelatine, celluloid, and glass (K. C. D. Hick- 
man, 1926). When using a vertical enlarger, a 
trough with a glass bottom is placed in the 
negative carrier. This trough contains a small 
quantity of carbon tetrachloride, and the film 
is pressed against the bottom by a block of 
glass with plane surfaces which acts like a paper 
weight. The lower surface of this block carries 
a mask of tin foil affixed with gelatine. When 
using a horizontal enlarger a vertical glass 
trough with plane-parallel sides is employed; 
in this the film is pressed against one of the sides 
by a piece of glass held by wooden wedges. A 
thread may be passed through two holes on the 
top edge of the film, so that it can be held at 
the correct height. 

In the customary case of enlargement on 
bromide paper, so as to obtain a positive image 
the nght way round the emulsion side of the 
negative must be turned towards the lens ; the 
negative must be turned the other way round if 
the enlargement is to be used to make a Bromoil 
transfer (Chapter XLV). It is, of course, 
assumed that the negative was not reversed 
when made. 

When making enlarged negatives from posi- 
tive transparencies, the image side of the trans- 
parency must be turned towards the lens in all 
cases where the enlarged negative is to be used 
for printing that does not involve reversal of the 
image. But it is the back of the transparacy 
that must face the lens where the ne^tive is 
required for s^le-transfer carbon or for printing 
on the gelatine-coated bichromated i«per of 
the oil process. 

642. Focusing fhe Picture and Bringing it 
to the Required Siae. The work of focusmg the 


picture and bringing it to the required size is 
greatly facilitated if the stand of the enlarger is 
fitted with scales graduated in accordance wilh 
trials, supplemented, if need be, by simple 
calculations (§64). Both for focusing and 
for bringing the image to the right size it 
is well to replace the negative temporarily by 
a fogged negative on which inch squares have 
been ruled with a sharp-pointed stylus, or by a 
copy negative (same size) of paper ruled in 
inch squares. The measurement of the squares 
on the easel (which may be done by squares 
ruled on the easel) greatly simplifies the estima- 
tion of the degree of enlargement, and sharp- 
ness is often easier to gauge in the image of a 
fine cut in an opaque layer than in an image 
with a more or less definite outline. 

Those with a fondness for mathematical 
calculation can work out the distance to move 
the negative in relation to the easel, or vice 
versa, in order to obtain an enlargement of 
given size. After focusing accurately without 
regard to the size, measure on the easel the 
length U occupied by an object which on the 
negative has a length I and which is required 
to have a length L in the enlargement. In 
order to change the adjustment at this setting 
to that required, it is necessary to increase (if 
U is smaller than L) or to reduce (if U is greater 
than L) the distance from the negative to the 
easel by the length 



where F is the focal length of the enlarger lens, 
then re-focus the lens until sharpness is again 
attained. 

As the operator intercepts the projected 
image if he tries to approach the easel to examine 
the sharpness of a detail, there have been placed 
on the market accessories comprising a base 
for application on the paper, a sloping mirror 
and an eyepiece so fixed that it is sharply 
focused on the plane on which the base rests. 
The image is therefore sharp on the easel 
when it appears sharp through the eyepiece (A. 
von Lagorio, 1931). 

When a new lens is being used for the first 
time, it is well to see that the sharp visual image 
coincides with the sharp photographic imiage. 
For this purpose the lulra focusing plate is 
enlarged on to a strip of paper arranged obliquel}r, 
e.g. at a slope of i : 10 to the ea^. A pencil 
mark is made on the line which api^s sharpest, 
and after development the line which is sharpest 
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is picked out and the distance between it 
and the mark is measured ; the displacement of 
the plane of sharpness will then be -jJr of the 
distance measured. 

In choosing the scale of enlargement, remem- 
ber that portrait enlargements termed "natural 
size" must always be slightly smaller than in 
nature, otherwise they will appear much too 
large under the usual viewing conditions. 

If the dimensions of the apparatus or of the 
room do not permit of the required enlargement 
being obtained with the usual lens, one of shorter 
focal length may be substituted, or the usual 
lens may be fitted with a supplementary con- 
verging lens (§ 117), so as to form a system of 
foc^ length shorter than that of the usual lens. 
The focusing will then have to be checked by 
the method described above. The aberrations 
introduced by such a supplementary lens fre- 
quently have the effect of reducing sharpness. 

Enlarging may also be done in stages, first 
making an enlarged transparency and then, 
from it. a negative enlarged to the required scale. 

643. Soft-focus Enl^ements. The various 
methods for producing images of " soft focus " 
(§§331-2) are applicable to enlarging, but it 
must be noted that the afocal supplementary 
lenses mentioned in § 126 can be used only with 
diffused light ; in the case of enlargement with 
directed light their effect would vary with beams 
of various degrees of obliquity. 

One of the most commonly employed methods 
for modifying excessive sharpness of enlarged 
images consists in placing between the lens and 
the sensitive paper a piece of bolting silk, canvas, 
bolting cloth, or muslin (all preferably black). 
When such a fabric, stretched on a wooden frame 
or on a sheet of gla^, is laid against the sensitive 
paper, it simply reduces the contrasts of the 
tmw (E. H. Farmer, 1905J, giving it a pattern 
whi^, as a rule, is not objectionable. As the 
fabric is gradually removed from the plane of 
the sharp image an increased degree of diffusion 
is imparted to the image. It is even possible to 
stretch one or more thicknesses of black chiffon 
on a lens hood, securing them by a rubber band. 
If the fabric is iised at a considerable distance 
from the sensitive paper, it is necessary to place 
it in position before focusing, and to allow for its 
effect in prolonging exposure. 

644. Ascei^ufuiig the Exposure. When the 
enlaij^ent is made with diffused light, and 
in this case only, the trials for finding the correct 
exposure may be made with a very small strip 
of paper exposed in contact with the negative 


to be enlarged in a printing frame placed in the 
same position as the large sheet of paper will 
be placed for enlargement. This test must, of 
course, be made only after the various adjust- 
ments have been carried out. 

It is the usual practice to find the correct 
exposure by a test strip of paper placed on the 
easel and illuminated by the enlarged image 
in the same conditions under which the final 
print will be made. 

When the exposures best suited for the contact 
printing of two negatives of very different 
densities on identical sensitive papers are known, 
all operations being carried out under the same 
conditions, then the proportion of these two 
exposures will hold good in the case of enlarge- 
ments of the same magnification in diffused 
light and under identical conditions (same light, 
same paper, same development). 

The optimum exposure can also be ascer- 
tained. in the actual conditions of enlarging, by 
measuring the illumination of the shadows of the 
projected image with a photo-electric exposure 
meter, provided that these instruments are 
calibrated by methodical trials for this special 
purpose. 

There are two meters commercially available 
in Britain for the simple calculation of exposure 
in enlarging. Both are instruments employing 
the principle of the Bunsen grease-spot photo- 
meter, but they vary slightly in the method of 
varying the standard light source against which 
specific portions of the enlarged image are 
compared. The pattern which varies the inten- 
sity of the standard by distance from the 
grease-spot would seem to be fundamentally 
more sound than that employing a variable 
resistance. 

645. (kmtrol During Exposure. In all cases 
where the image is projected on to sensitive 
paper exposed uncovered in the darkroom, it 
is easy to modify the tones of the various p^s 
of the image (particularly when a long exp^ure 
is given) by masking the parts to be lightened 
for a suitable fraction of the exposure. The mask 
used must always be held fairly well away from 
the sensitive paper, so as to project on it only a 
soft-edged outline, and it must be kept in 
constant movement to soften the edges of the 
cast shadow still further. 

For ii)istance, to bring out the gradation of 
the sky in a landscape negative, a piece of card 
is used, cut either with a straight e^e or accord- 
ing to the outline pencilled on it (before the 
sensitive paper has been placed on the easel) 
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while it is held about half-way between the lens 
and the sensitive paper. Hiis card is moved, 
during part of the exposure, to and fro or up 
and down. 

To lighten the face of a model dressed in 
white, or any other part surrounded by areas of 
which the exposure requires to be longer, a piece 
of black paper or thin card, cut to the suitable 
outline, is fixed by means of a strip of gummed 
paper to a loop of thin wire extended so as to 
form a handle, and is held during part of the 
exposure so as to shield the part to be lightened. 
If the wire is sufficiently thin and is held far 
enough from the sensitive paper, no trace of the 
handle will appear in the image. 

Finally, to darken a portion of the image 
completely surrounded by areas of which the 
exposure has to be lessened, a card is used of size 
large enough to cover the whole of the sensitive 
paper and in which an aperture of suitable shape 
has been cut. 

646. Excessive contrast in an image can be 
weakened during enlargement by the following 
method ( 0 . Mente, X910). Before putting the 
paper on the easel (which latter may be covered 
with a waterproof fabric) the paper is soaked in a 
developer, without tendency to give either aerial 
fog or coloured products of oxidation (a solution 
of glycin with a little sulphite is well suited for 
this purpose) and thickened by adding some 
glycerine, glucose, or sugar. After a very short 
exposure, serving to print only the deepest 
shadows, the lens is covered with its orange cap 
and the shadows are allowed to develop. The 
silver deposit thus obtained very effectively 
protects the underlying emulsion against the 
action of light during the final exposure. From 
time to time a sponge, dipped in the developer 
and then squeezed, is passed over the surface 
of the enlargement. According to the effect 
desired, the exposure may be divided into a 
variable number of periods, allowing the devel- 
oper on each occasion the necessary time to 
develop the exposed silver bromide. It must 
be borne in mind that the sensitivity of the 
paper is lowered by wetting with the developer. 
Owing to the rather long time taken for complete 
development it is necessary to choose a T^per 
without tendency to fpg or stain yellow duimg 
prolonged development. 

647. A very ingenious method for indirectly 
retouching eolarg^nents has been suggested by 
C Duvivier (1924), who got the idea from a 
method of drawmg from a j^otograph pie wnsly 
described by L. Misoime. A shMt of white 


paper is fixed on the easel and a sheet of trans- 
lucent paper is placed over it in such a manner 
that a sheet of sensitive paper may be 
between them without shifting the tracing paper. 
Using the projected image as a guide, the tracing 
paper is covered with pencil work or black chalk 
worked with the stump in all those areas requir- 
ing lightening or masking. After completing 
this retouching, the sensitive paper is inserted 
and the exposure is made, the normal exposure 
being increased to compensate for the absorption 
of some of the light by the tracing paper. This 
method is particularly advantageous when 
several enlargements have to be made from one 
negative, part of the retouching being thus done 
once for all. 

To carry out this method, called by its author 
“tile extreme limit,” the enlarged image of a 
negative is projected on to a sheet of drawing 
paper in the darkroom. It may then be worked 
over with pencil or charcoal, so that this added 
drawing and the projected image together form a 
uniform dark grey. This, however, would give 
a servile copy of the image ; it is easy during the 
work (in which placing is assured photographi- 
cally) to carry out any modification or simpli- 
fication dictated by the artistic ideas of the 
draughtsman. 

648. Compression of the Middle Tones in 
Enlvgement from Negatives of Excessive Con- 
trast. Besides the Person process, § 730, 
which is particularly suitable for enbffg- 
ing, two working methods may be outlin^ 
which need not be confined to enlarging. For 
example, if the correct exposure time for the 
shadows is 40 sec, and 10 sec for the high-lights, 
an exposure is given equal to 40 — 10 = 30 s«c 
through a screen of about 40 lines per cm which 
is held against the paper by means of a sheet 
of glass. The screen is removed, but not the 
gla^ (to avoid any change in the focal setting) 

a lo-sec exposure is given. On the paper, 
uierefore there are two images one being correct 
for the high-lights (elementary areas protected 
during the first exposure) whilst the other is 
correct for the ^adows. The best effect is 
obtained when the opaque elements of the screen 
cover half its area (W. Anderan, 1939). Similar 
results may be obtained if the screen is replaced 
by a piece of fabric having loose opaque tl^ds. 

649. Handling of Enlargements of Large Siae. 
When making enlargments of size greato than 
that of the laxmt dishes available, it is prw- 
ticable to fold sheet in two if its smaller side 
does not exce^ the longer side of the dish. 
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Otherwise, the print may be laid horizontally 
on a boarded or tiled floor, or bung up vertically 
and covered with developer by means of a brush 
of soft hairs or by means of a hand atomizer as 
used by florists. In any case, the print must 
first be wetted with clean water so as to facilitate 
the uniform spreading of the developer, and the 
developing solution must be one of those without 
tendency to aerial fog or yellow stain (glycin 


solution with little sulphite). If the print is hung 
vertically, the develoj^r must be thickened with 
glycerine, glucose, or si^ar. Development must 
be stopp^ with an acid bath, and fixing must 
be prolonged so as to ensure the solution of all 
the silver salts. Washing is best done with a 
stream of water directed alternately to one side 
and the other. (See §§ 697-707 for methods of 
developing paper prints.) 



CHAPTER XL 

SILVER PRINT-OUT PAPERS 

650. General. Print-out papers, which were The image is generally more contrasty when 
about the only silver salt papers in use towards it has been printed by weak light than when 
the end of the ninteenth century, are now only strong light has been used (see § 608, effect of 
used occasionally and, consequently, only the coloured light). It is interesting to note the 
most important data will be ^ven in this possibility of increasing lie contrast of an image 
chapter. A more complete description can be printed on print-out paper by placing between 
found in an earher edition. We shall consider the negative and the printing paper a yellow or 
here chiefly those papers in which the sensitive red filter which is easily bleached by light and 
material is silver chloride associated with an which, therefore, after a certain amount of 
excess of soluble silver salts (nitrate, and organic exposure, becomes a sort of duplicate of the 
salts, such as citrate, tartrate, etc.). negative. A film impregnated with ferric 

Depending on the strength of the light by thiocyanate may be used (G. Staess, 1917). 
which the printing is carried out, the colour of the If the exposure to light is prolonged suffi- 

image varies from blue-violet (the colour of ciently to saturate the remaining silver chloride, 
image given by pure silver chloride), to red (the the silver which is liberated may appear on the 
colour of image given by most of the salts upper surface of the film in a coherent state with 
accompanying the silver chloride; these salts a greenish metallic lustre; the image is then 
are less sensitive, and so require a very strong said to be bronzed or metallized. 
light). The degree of humidity of the film con- Fixation of prints obtained by direct darken- 
siderably affects the colour of the image. A ing causes a general weakening of the image 
damp condition increases the sensitivity of the which is chiefly visible in the lightest tones, 
accompanying salts without affecting that of This effect varies with the type of paper and 
die chloride, and so, for a given exposure, the also, though to a smaller extent, according to 
image is redder than that given by a dry film. the conditions of printing (colour and intensity 
With these print-out papers the image con- of the light). This regression of the image makes 
sists of silver in a very fine state of sub-division it necessary in all cases to continue the exposure 
(colloidal silver) , absorbed (solid solution) in the until a darker image than is required is obtained ; 
excess of silver chloride, and thus protected a few preliminary trials will show the depth of 
against certain reagents which attack metallic printing required for retention of the finest 
silver. This solid solution of metallic silver in details in the high lights, 
silver chloride has for long been considered as a During fixation the image becomes yellow in 
definite salt, the sub-chloride of silver to which colour and after washing and drying acquires a 
was assigned the probable formula Ag,Cl. It dis^eeable yellowish-brown polour. The yel- 
is now definitely established that silver sub- lowing of the silver photo-chloride in the fixing 
chloride does not exist and that the mixture baths is due to the transformation of the “col- 
(sometimes called the photo-chloride) can be loidal silver — silver chloride" system into a new 
obtained by coagulating a mixture of colloidal "colloidal silver — gelatine" system of much 
solutions of silver and silver chloride (Ltippo- lower refractive power, so that the maximum 
Cramer, 1910). The amount of silver ^r unit of absorption is displaced towards the short 
area of a very intense black is extremely small, wavelen^hs (M. Savostjanowa, 1935). In 
An albumen paper which, before treatment, drying, the tone darkens somewhat, the refrac- 
has an amount of silver salts equivalent to 0*68 g tive power of the diy gdatine b^^ ^htly 
of silver per square foot has only 0*09 g per sq ft higher than that of gelatiiie swollen with water, 
after treatment (Haddon and Grundy, 1895). Hie yellowing is remedied by toning the image 
This amount of sflver, if in the condition of (before, during, or after fixi^), that is to say, 
metallic leaf of the same area (the thinnest by substituting another metal (gold, platimun, 
beaten leaves that can be obtained are much etc.) for a poruon of the silver, or by converting 
thicker), would be 0*07/1 almost the silver mto a coloured compound (e.g. sde- 

completely transparent. nium toning). 

389 
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A very faint image on a print-out paper cm 
be brought to a normal depth either by deposit- 
ing silver on it by physical development (which, 
in this case, can be regarded as an intensification 
process), or by exposing the paper to an orange 
or red light. 

651. The sensitive layer of print-out pajjer 
in the initial state, is not affected by yellow or 
red light even on prolonged exposure, as the 
limit of spectral sensitivity is 520 m/i. When, 
however, a feeble image has been imprinted by 
white light, it is reinforced by uniform exposure 
to red light. This phenomenon was noticed in 
Daguerreotype images by E. Becquerel in 1840 
who gave to these yellow and red radiations 
the name "continuing radiations." The effect 
was explained by Luppo-Cramer (1909) as being 
due to a panchromatic sensitization of the silver 
chloride by the photo-chlorides formed. It is of 
particular importance if soft prints are required 
from very vigorous negatives; in this case 
exposure under the negative should be carried 
just far enough to obtain full detail in the 
shadows. 

The continuing action of yellow or red light 
can be used for increasing the contrast of an 
ii^e which has been made from a negative 
with weak contrast, but in this case the second 
exposure should be made through the negative 
in order to graduate the inten^cation of the 
image (H. J. Channon, 1909). 

6^ Deterionitian of Frint-oiit Pj^ien. The 
^eing of print-out papers containing soluble 
sUver salts is shown by the appearance of a 
yellow colour, due to the spontaneous reduction 
of minute quantities of ^ver in a very fine 
state of sub-divi^n. The yellow colour dianges 
to brown and finally to black with a metallic 
lustre. This change does not occur in complete 
absence of moisture, and so these papers are 
genefallv packed in waterproof paper after 
having been dried and stack^ face to face with 
each adjacent pair separated by a sheet of 
straw paper which acts as a desiccating agent. 
The deterioration of print-out papers is very 
raind when they are exposed to the action of 
certain gases aim vapours (hydrogen sulphide, 
formaldeh]^, hvdro^ peroxide formed during 
the oxidation of resins, etc.) which, as already 
indicated, give fog with gelatine silver-bromide 
emulsions. 

These papers ^ould be kept in a dry place* 
away fim any chemical operations. These 
recenmnendations are particularly important in 
the case of opened packets. 


If the coloration of the paper by age is not 
very pronounced, it disappears in the course of 
somewhat longer fixing, uidess the fog has been 
consolidated " by toning before fixing. 

Salted Paper and Albumen Paper 
653. Salted Paper. Salted papers are sized 
with starch paste containing a suitable quan- 
tity of chlorides and other soluble salts, which 
are sensitized after drying by floating on a 
solution of silver nitrate and again drying 
(de Br^bisson, 1854). The starch paste may be 
replaced by other sizes, such as resin soaps 
in aqueous or alcoholic solutions, agar-agar, etc. 
A more rapid paper can be obtained by using 
alkaline phosphate instead of chloride. The 
keeping qualities of this paper are very limited, 
and it is suitable in general only for very 
vigorous negatives, but by the addition of small 
quantities of potassium dichromate the con- 
trast of the images can be increased, thus making 
it possible to use average or weak negatives. It 
is no longer a general article of commerce. The 
absence of any coating, other than the normal 
sizing of a good quality drawing paper, makes it 
possible to draw on the paper with pen or 
pencil; the photograph can thus be used as a 
guide and then caused to disappear when the 
drawing is nearly finished. Such prints should be 
fixed, not toned. Photographs on salted paper 
can also be worked up with water-colours; 
the image is faintly printed and toned to a 
neutral colour, which gives the outlines and 
gradation in the shadows. 

The preparation of salted paper is one of the 
easiest of operations, but owing to its bad 
keeping quaUties it can be sensitized only in 
small quantities at a time. 

654. Preparation of Salted P^ier. Paper of 
good quality, suitable for water-colour painting, 
is first of ail marked vrith pencil on the back to 
avoid subsequent confusion, and then pinned 
to a small clean board or stretched out on a 
drawing board. The salted size is then applied 
with a thin flat brush with cross-brushi^. If 
the paper is of pronounced texture it is necessary 
to brush the size well into the cavities. Finally 
the coating is treated with a soft badger bruM 
until it appears to be uniformly mat. 

The size is best made with ofrowrooi (a starch 
chiefly used as a food-stuff). The amount 
required can be calculated on the basis of about 
60 ml p^ sq ft, but allowance must be made 
for loss in working. 

Grind about 35 g of arrowroot in a mortar 
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with a small quantity of water, until a thick 
paste free from lumps is obtained. Dissolve 
.separately 3 g of citric acid and 35 g of sodium 
chloride (table salt) in 950 ml of water. This 
solution is brought to the boil in an earthenware 
vessel, and the arrowroot cream is then added 
in small quantities with constant stirring with 
a stirrer or wooden spoon. Boiling is continued 
for a few minutes, and the mixture is left to 
cool ; after cooling, the surface skin is removed. 

As paper thus coated has rather better keep- 
ing qualities, a large quantity may be prepared 
for sensitizing when required. 

655. Sensitizing must be done in the absence 
of white light ; it is convenient to work at night 
by artificial light. The drying must be done in 
darkness. 

The sensitizing bath is prepared by mixing — 


Silver nitrate (cryst y ■ 100 g 

Citric acid ■ . • 75 g 

Alcohol (90 per cent) . . 75 ml 

Water, diAtilled. to make 1000 ml 


Dissolve each solid separately in a part of the 
water, mix and then add the alcohol. 

The solution is poured into a perfectly clean 
glass dish and should be about J in. deep. The 
salted paper is floated on the surface of the 
bath face downwards by lowering it gradually ; 
it is then removed to make sure that it is 
uniformly wetted and re-floated with the same 
precautions. After about five minutes the sheet 
is lifted by one comer and withdrawn from the 
dish : by drawing over a glass rod, most of the 
adhering solution is removed. The paper is 
allowed to drain for a few seconds and is then 
put to dry in the dark. The clips used for 
hanging the paper from the drying line should 
have been previously soaked in melted paraffin 

^Silver nitrate (M.Wt. 170} is supplied either in 
the form of colourless crystals or as cast white or grey 
masses (lunar caustic) ; its density is 4'35. It is very 
.soluble in water (more than 60 per cent at 32°F). 
and slightly soluble in strong alcohol. The crystals 
and solution are stable. Silver nitrate deposits black 
stains of metallic silver on the skin or on other organic 
matter (cloth, wood, etc.) when acted on by light. 
These stains may be removed by successive treatments 
with tincture of iodine (or iodine dissolved in potassium 
iodide) and strong solution of sodium thiosulphate. 

* Citric acid is extracted from the juice of the lemon 
or prmred by fermentation (COOH,CH|.C(OH)COOH. 
Ch,.COOH — M.W t. 210). It is formed in colourless 
crystals ve^ soluble in wattf (greater than 60 per cent 
at 15°C). The crystals are stable but mould rapidly 
developB in solution. Commercial samples may contain 
traces of lead and arsenic. It is someames adultemted 
by tartaric add which has similar photographic 
properties. 


to render them impermeable. Drippings from 
the papers should be caught by any waste 
paper available, the ashes being afterwards 
added to the silver residues. The dry paper 
should be packed and kept in a dry place. 

The silver bath may be used repeatedly; in 
proportion to its use, it becomes poor in silver 
and rich in sodium nitrate ; the presence of this 
latter salt makes the readings of a Baum^ 
hydrometer, which is sometimes used for esti- 
mating the concentration, entirely misleading. 

A used bath can be frequently revived by the 
addition of fresh solution of somewhat greater 
strength, but after a time it is necessary to 
discard it and to recover the silver. Silver is 
. recovered by the addition of sodium carbonate, 
which precipitates the silver as silver carbonate. 
This can be converted into silver nitrate by add- 
ing nitric acid and evaporating. If one does not 
carry out the recovery oneself, the old silver 
bath is best added to used fixing baths, to avoid 
increasing the number of operations. 

656. Use of Salted Papers. Prints on salted 
papers which are intended only to act as guides 
for drawing are simply fixed ; after the drawing 
is finished the image is destroyed by immersion 
in one of the subtractive reducing solutions 
previously mentioned (§§ 555-8). The paper is 
then washed and dried. 

In all other cases the image usually has to 
be toned. While toning can be done after fixing, 
it is quicker and gives more regular results if 
done before fixation. 

Gold toning is best done in an alkaline 
bath, and notably by ” chalk toning ” (§ 664) ; 
black tones can be obtained by toning wi& 
platinum (§668) after previous partial toning 
with gold. 

Economy of the toning bath can be effected 
by washing the prints in several changes of water 
before toning; a preliminary treatment in a 
"chlonde .solution, recommended below for emul- 
sion-coated papers, considerably slows the toning 
of prints in a gold toning solution which contains 
no solvent of silver chloride. 

Fixing should be in an alkaline solution and 
should be followed by washing in plenty of 
water. 

657. Albumenised Papery From 1850 until 
z8qo almost all photograpluc printing was done 
on albumenized paper (Bl^quart-Evmrd, 1847). 
Smooth paper was floated ou the surface of a 
solution of albumen ^whUe of ep) containing 
sodium chloride and atric add. Ine paper was 
supphed ready for sensitizing, in the manner 
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already described for salted paper (§654), or 
ready for use. The introduction of emulsion- 
coated print-out papers caused the gradual 
disappearance of dbumenized paper, as com- 
moidy used. 

Meanwhile papers sized with vegetable albu- 
men, with casein and with other colloids, 
appeared imder the name of mat-albumen paper, 
and were used chiefly by professional portrait 
photographers. These papers require negatives 
which are much less vigorous than those for 
printing on to the older type of albumen paper, 
and softer still than those for salted paper, lliey 
were usually prepared by coating a sensitive 
emulsion on to the paper, and the method of 
use is, therefore, similar to that recommended 
for emulsion-coated print-out papers. But the 
sensitive film is much less coherent, and all 
rubbing should be avoided, particularly when 
the prints are wet. 

6^. Sensitizing Silk. The working methods 
for sensitizing silk fabrics do not differ from those 
employed in the preparation of salted paper, 
except in the choice of a sizing material. This 
latter must be removed in the course of the 
various operations in such a way that the normal 
appearance of the fabric shall be preserved. 
A mucilage of lichen (moss) is usually prepared 
for this purpose in the following manner. 

Infuse 45 gr (5 g) of Iceland moss (phar- 
madst's moss) in about 20 oz (1,000 cc) of 
boiling water; decant and Alter the solution 
(which should be of a thin, syrupy consistency) 
while hot. In 18 oz (900 cc) of the Altered 
solution dissolve 350 gr (40 g) of sodium 
dhloride (kitchen salt) and add 2 oz (100 cc) of 
glacial acetic add to keep down all fermentation 
of the infusion. Keep the mucilage in a corked 
bottle. 

pQur the solution into a perfectly clean dish 
and float the pieces of silk (which should have 
been previously marked on the back with pencil) 
on the solution, taking care to remove air 
bubbles and to prevent the liquid reaching the 
back of the material. This is done by t^ing 
the material by two opposite comers and allow- 
ing the tip of the loop to touch the liquid Acst ; 
the comers are then lowered gradually until the 
whole is touching the liquid. After about two 
minutes the material is removed from the bath 
by taking hold of two adjacent comers; it is 
imed by pinning to a stretched cord. 

The pieoes of material, which should be 
tboroui^^ dry and free from any smell of 
acetic add, are then floated for about two 


minutes on the silver bath already described 
for salted papers (§ 655). drained, and dried. 

As the image on silk is more or less buried in 
the Abres, the contrasts suffer, so that a vigorous 
negative is called for, particularly with material 
with a pronounced grain. The negatives used 
should be varnished as a protection against 
small crystals of silver nitrate which b^ome 
detached from the surface of the silk. 

After printing, with the precautions speciAed 
in § 656, it is advisable to Ax the tissue provi- 
sionally to a pliable card. Toning follows and 
then Axing in the manner described for salted 
paper. After washing and drying, the tissue 
should be smoothed with a hot iron. Such 
tissue can be cleaned when need arises by the 
methods which would be used for the plain 
material itself. 

Gelatine and Collodion P.O.P. 

659. Print-out Silver Emulsions. The con- 
traction P.O.P. , used in England for emulsion 
print-out paper, originated with the Ilford Co., 
on their taking up the Arst manufacture of this 
type of paper in England. On the Continent, 
the term “aristotype" is still used to denote 
the gelatine variety, as distinguished from the 
collodion, of print-out paper. Print-out emul- 
sions are made on the commercial scale by the 
precipitation in gelatine (gelatine P.O.P. Abney, 
1882) or in collodion (collodion papers, G. 
Wharton-Simpson, 1865) of silver chloride (or 
sometimes silver bromide or phosphate) , together 
with silver citrate, tartrate, or oxalate. The 
unwashed emulsion contains an excess of silver 
nitrate in addition to the salts resulting from 
the double decomposition (nitrates of potassium, 
lithium, strontium, etc.). 

These emulsions are coated mechanically on 
to baryta-coated paper. The paper for print- 
out emulsions is made chiefly from rags (clippings 
from lingerie and sail-making workrooms, and 
old rags that have been cleaned and sorted out). 

Collodion paper — and, still more so, the 
gelatine paper — require negatives much less 
vigorous than those required for salted paper. 
Certain varieties of collodion paper have been 
prepared (F. Hedliczka, 1904) with emulsions 
containing silver chromate (the Aim is yellow 
or orange, according to the quantity of chromate 
present) , for medium or weak negatives (contrasty 
papers). 

Collodion papers give a much richer image 
and are more suitable for warm, black tones by 
successive tonings with gold and platinum. In 
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warm climates these papers have the advantage 
that they can withstand baths and washing 
waters at a temperature which would probably 
cause the coating of the gelatine P.O.P. to 
soften somewhat. 

The castor oil, which is of ten added to collodion 
emulsions to give suppleness and to avoid risk 
of cracking, is sometimes a cause of trouble 
through being present in excess; in these cir- 
cumstances it is difficult to make the various 
baths wet the surface of the film. The same 
trouble sometimes arises when glycerine has 
been used to give suppleness, if the glycerine 
has, in the course of time, soaked out into the 
paper support. Immersion in denatured alcohol 
before attempting treatment in any of the baths 
will make the film penetrable to the solutions 
(J. Gaedicke, 1911) or alternatively, a wetting 
agent may be used in the baths. 

660. Use of Collodion and Gelatine P.O.P. 
These papers are either toned prior to fixing or 
toned and fixed simultaneously in one bath 
(§671). For separate gold toning the alkaline 
baths recommended for salted and albumen 
paj^rs can be used for gelatine papers, although 
their actions are very slow. But they are almost 
without action on collodion papers ; these latter 
should be toned in a bath containing a solvent 
of silver chloride, e.g. sulphocyanide or thio- 
carbamide which can gradually make a way 
through the slightly permeable film of collodion. 
Collodion papers (and particularly the glossy 
varieties) curl to a roll in the first bath into 
which they are placed. 

This can be avoided as follows. Place the prints 
face downwards into a dish containing a very 
small amount of liquid and spread them irregu- 
larly over the bottom of the dish in such a way 
that they are in contact with each other. Almost 
ah the liquid should have been absorbed by the 
time that the last print to be treated has been 
put in. Let the liquid drain away by squeezing 
the pile of papers against the bottom of the dish. 
After 5 or 10 min the prints will be flat, and it 
will be possible to proceed with washing; in 
cold weather, warm the water slightly. 

As in the cases of the papers already con- 
sidered, an economy in the toning solution can 
be effected by preliiiiinazy washing ; or, if it is 
intended to recover the silver residues, the 
soluble salts can be held in the film until fiimtion 
by treaty with a bath of salt followed by care- 
ful washing. 

Fixing, when carried out separately, is best 
done in an alkaline bath. 


These papers are also used for proofs to 
permit clients to choose a preferred pose, etc. 
Such prints, usually not fixed or toned, are made 
without any regard being paid to the loss 
of depth which would occur on fixing; they 
cannot usefully be toned or fixed. In some cases 
they bear a rubber-stamp impression (made 
with a colourless, greasy varnish), or may even 
be coated with paraffin wax rendering any 
treatment very difficult. Some studios do fix 
and tone their proofs but in such a manner 
that their destruction is ensured, after a short 
time. 

661. Print-out Papers from Old or Fogged 
Development Papers. Gelatine-bromide or gela- 
tine-chloride development papers, which, for 
one. reason or another, have become unsuitable 
for their proper purpose, may be converted into 
print-out papers by soaking them in a weak 
solution of silver nitrate (about 0*5 per cent) or 
in a solution of a reducing substance such as 
sodium or potassium nitrite (about 5 per cent), 
salts of hydrazine, various developers, sodium 
sulphite, stannous chloride, etc. 

After soaking for some minutes, the paper is 
placed to dry in the dark without any prelim- 
inary washing. The same treatment can be 
apj^ied to negative plates and films. 

The method of using is the same as for gelatine 
print-out papers. 

Manipulation of Print-out Papers 

662. The Printing-room. The loading of the 
printing frames, the control of the exposure, 
and the unloading of the frames should done 
in a room lighted by artificial light or subdued 
dayhght. Normal daylight may be used with 
a yellow window. 

On the commercial scale, one side of the 
printing-room was usually lighted by yellow 
windows and the other by plain glazing; the 
dry paper could then be handled and the first 
operations done by yellow light, whilst other 
treatments, from fixation onwards, could be 
carried out in white light. When it was neces- 
sary to work by artificial light, the ordinary 
lamps were used; for judging toning, a lamp 
with a blue glass bulb, giving a light similar 
to daylight, was prefeired in order that the 
tone could more exactly judged. 

For print-out papers the methods of washing 
and d^dng were exactly the same as for the 
present-day development papers. 

663. Gold Tonl^ in Alkaline Baths. The 
immersion of a {ffiotographic print in a solution 
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of pure gold chloride^ would result in the sub- 
stitution of gold for some of the silver consti- 
tuting the image, but the resulting image would 
be very weak, p^icularly in the l^hter tones. 
This weakness does not occur with solutions 
feebly acid (/>H 4-5) where the yellow auric 
salt has been converted into the colourless 
aurous salt which, when replacing the silver 
of the image, deposits three times as much 
gold p)er unit amount of silver as the auric salt. 
Now, in an alkaline medium, auric compounds 
change progressively into aurous compounds; 
these, however, may pass over into the inactive 
aurite state in the' absence of soluble chlorides 
or if the bath is too alkaline. 

The colour of the toned image depends essen- 
tially on the speed of the toning, which, in its 
turn, depends on the alkalinity of the bath. 
An add bath gives images which tend to be red 
(finely divided gold), while a bath which is 
alkalme results in images which tend to a 
purplish brown, which may even approach 
black (gold in a less finely divided condition). 
Toning baths of a moderate temperature should 
be us^. A bath which is either too hot or too 
cold does not give such good tones as one which 
is at a temperature round about 65^?. 

664. Toning baths can be made alkaline by 
using one of a number of salts which have a 
feebly alkaline reaction ; fused soditim acetate,* 

> The goid chloride of commerce is actually chlorauric 
acid (HAoCli-sHgO— M.Wt — 394). and occurs in 
the form of yellow deliquescent masses (sometimes 
coloured brown by the addition of small quantities 
of iridium salts to satisfy a demand arising from the 
belief that the brown-cmoured gold chloride is better 
than the yellow), veiy soluble in water, alcohol, and 
ether. The best qualities contain 50 per cent of gold, 
but unfortunately products having a much smaller 
gold content are sold (gold chlorides exist which have 
a gold content varying from 50 per cent to 20 per cent 
in 5 per cent stages) without any indication of the 
difference in quality, and without there being a differ- 
ence in price commensurate with the amount of 
active materia] present. The chloraurates of sodium 
and potassium (KAUCI4.2H1O— M.Wt. » 414. and 
NaAuCl4.2H,0— M.Wt. « 398), which are deliques- 
cent and of which the gold content rarely exceeds 
40 per cent, are also prepared commercially under the 
description of double salts of gold and potassium or 
sodium. The aqueous solutions of these various salts 
are quite stable if they are not in contact with organic 
matter ; they riiould be prepared iirith distilled water 
and should be kept in ground-stoppered bottles and 
stored in the dark as they are slowly reduced by light. 

* Fused sodium acetate (CHgCOONa) occurs in white 
or grey fibrous masses, which give a neutral or feebly 
alMne sotntioB, while crys^ine sodium acetate 
(coloiiflem crystals) nsnaUy contains a certain amount 
ol Ires acetic add. 


borax, disodium hydrogen phosphate, etc., may 
be used. These salts give the same results when 
they are employed in quantity sufficient for the 
bath to be equally alkaline in each case. The 
following solution, for example, may be used— 


Sodium acetate, fused . • 10 g 

Borax X'o g 

Gold chloride (1% solution) . .25 ml 

Water to make . 1000 ml 


The solution may be used after standing for 
about one hour. The used bath can be kept, 
but it is necessary to add small quantities of 
gold chloride from time to time. 

The most definite means of ensuring the 
constancy of the composition of the bath is to 
use chalk toning (H. de Molard, 1851); the 
insoluble calcium carbonate is kept in the bath 
and does not react except as required. The 
following method of worlung is recommended 
(E. Lamy, 1897). 

First of all, the following mixture is prepared 
with shaking. 

Inactive Bath 

Whitening (powder) • 5‘0 g 

Gold chloride (1% solution) . .50 ml 

Warm water (about loo**?). to make 1000 ml 

The bath will become colourless on cooling ; 
it should not he filtered. When required for use, 
decant the necessary volume of this liquid, and 
for each 100 volumes of the inactive bath add 
two volumes of i per cent gold chloride solution. 
When the toning is seen to be slowing down, 
more gold chloride should be added. The used 
bath is replaced in the inactive-bath stock-bottle 
and shaken up with the chalk. 

The washed prints are placed one by one into 
this bath, and pass from an initial red-brown 
through dark brown and purplish-black to 
purplish-brown. Toning may be stopped at any 
st^e, and after fixing, washing and ar3dng, the 
print will be red-brown, warm black, or pure 
black; slight variations will occur from one 
paper to another. As the prints reach the desired 
tone they should be removed one by one and 
placed in water, where they may be left until 
sufficient have accumulated for fixing. 

665. Sulphocyanide Toning. If a solution 
of a thiocyanate^ (sulphocyanide) is added 

* The sulphocyanides of ammonium and potamium 
(NH4CNS-M.Wt. - 76 and KCNS-M.Wt. - 97) 
occur as small colourless d^quescent crystals, very 
Boluble in water and alcohol ; the dry salts should M 
kept in hermetically sealed bottles ; the solutions keep 
fairly well. In the preparation of toning solutions 
ammonium thiocyanate is generally preferred. Con- 
centrated aqueous solutions dissolve gmatine. 
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progressively to a solution of a gold salt, the red 
precipitate of auric sulphocyanide which is at 
first formed re-dissolves in the excess of sulpho- 
cyanide to g|ive the complex colourless sulpho- 
cyanide. This double salt slowly (or rapidly 
under the influence of heat) changes into aurous 
sulphocyanide. 

These solutions can be used for toning print- 
out papers (Meynier, 1863). Tones which are 
almost black can be obtained by replacing the 
sulpho-cyanide by thiocarbamide or thiourea' 
(A. H 61 ain, 1902). 

As these compounds are solvents of silver 
chloride, a fresh toning bath attacks the silver 
chloride image to some extent, causing very 
rapid toning. In addition, the finished image 
may have a very much greater proportion of 
gold in it than it would have had if it had been 
toned in an alkaline bath; these properties 
are obviously not to be found in an old bath 
saturated with silver chloride. F. Novak (1902) 
has found the following gold-silver ratios for 
images which have been thoroughly toned — 

Albumen paper toned in a bath made 
alkaline with borax . . i : 4*3 

Collodion paper toned with gold sulpho- 
cyanide I : 0*25 

to I : 0*85 

Collodion paper toned and fixed simul- 
taneously in a new bath . 1 : 1*14 

to I : 2*00 

It seems well established, however (R. E. 
Blake Smith, 1913), that the toning is not due 
exclusively to the gilding of the image, but that 
a small portion at least is due to sulphuration 
during the fixing, which follows the toning ; the 
tone is modified considerably in the process of 
fixation after the solution of the silver chloride 
is complete, and the image becomes first a 
yellow-brown, and then slowly changes to 
purple. A more exact idea of the tone of an 
image can be obtained by examining it by 
transmitted light. 

666. As* the sulphocyanide toning bath is 
very readily exhausted, and as its action is very 
rapid even when the solution is weak, the best 
method of working is to use only the amount 
of diemicals corresponding exactly with the 
treatment of a given number of prints, according 
to the method recommended in 1900 by the 

' Thioiirea ( (NH|)tCS}, which results from an inter- 
molecnlar change in ammonium sulphocyanide by 
heati^ under definite conditions, occurs as small 
cotonrm crystals soluble in cold water (9 pte cent), 
and very soluble in boiling water and in alcohol. Both 
the solid and its solutions keep weU. 


Eastman Kodak Co., for gelatine P.O.P. This 
also applies to all other print-out silver-salt 
papers. 

Prepare two stock solutions— 

A. Gold chloride . 2 g 

Water to make . . 1000 ml 

B. Ammonium sulphocyanide 20 g 

Water to make . 1000 ml 

and according to the number of prints to be 
toned, and having regard to the colour required, 
take of each solution A and B — 

For 12 Prints 7 x sin. (13 x 18 cm) 

Purplish- Purplish- Sepia Deep 

black broiimjj brown sepia 

100 ml 7S ml 60 ml 30 ml 

Add water in sufficient quantity for it to be 
possible to tone all the prints together. For 
12 prints 7 X 5 in. the total volume should be 
about 500 ml, e.g. the toning bath for purplish- 
brown is : A, 100 ml ; B, 100 ml ; water, 300 ml. 
The bath thus mixed is ready to be used after 
it has stood for two hours. 

The washed prints are placed in the bath one 
by one, and are kept constantly in movement 
during the whole time of toning to avoid their 
sticking together. According to the nature of 
the paper, the depth of the prints, and the 
dilution of the bath, the time of toning will vary 
between 5 and 15 minutes. 

Very varied colours may be obtained with 
gelatine print-out papers (but not with collodipn 
paper) by adding small quantities of potassium 
iodide to the toning bath (A. H 41 ain, 1901). 
The weight of iodide must not exceed six times 
the weight of gold chloride used. This maximum 
quantity gives carmine tones ; reddish tones ate 
obtained by using less iodide. The general 
yellow colour of the coating, which is caused by 
the conversion of a portion of the silver chloride 
into iodide, disappears during fixing if the 
thiosulphate solution is strong enough and if 
sufficient time is allowed. 

Toning may be arrested by placing the prints 
in a 3 per cent solution of sodium chloride 
(table sdt); the prints may remain in this 
solution until they are transferred to the fis^ng 
bath. 

667. Thiourea Toning has the advantage that 
the solution is ready for use directly it is pre- 
pared, and keeps well; further, the toning of 
half-tones and shadows proceeds simultaneously^ 
so that it is possible to step toning at any 
moment; withysulphocyanide toning w lighter 
tones are toned more quickly than the shadows. 
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The complex salts formed by thiourea with 
gold and silver salts are stable only in an acid 
medium ; moreover, the double silver salt splits 
up in dilute solution and gives silver sulphide, 
so that there is a danger of staining the prints 
when washing them between the toning and the 
fixing operations. If it is desired to keep the 
toned prints between toning and fixing, they 
should be put in water slightly acidulated with 
an add (e.g. boric add, which is without action 
on thiosulphate). 

The following formula gives excellent results. 
Tartaric acid should be used for gelatine P.O.P., 
and dtric acid for collodion papers — 


Sodium chloride 
Thiourea (i% solution) 
Tartaric or citric acid . 

Gold chloride (x% solution) 
Water to make 


. 20 g 

. 50 ml 
• 0*5 g 
. 50 ml 

. 1000-2000 ml 


668. Platinum Toning. Platinum toning (sug- 
gested by Caranza in 1856, and used in a slightly 
different manner by J. Reynolds in 1886) was 
used, in the days before platinum had attained 
its present prohibitive price, to obtain beautiful 
black or warm black tones on mat albumen and 
mat collodion papers which had been previously 
toned with gold to a brown colour. 

The platinum salt used for toning is potas- 
sium chloroplatinite. Potassium chloroplatinite 
(KjPtCli— M.Wt. = 415) occurs in the form of 
smidl prismatic red crystals, very soluble in 
water (about 15 per cent in the cold) and insol- 
uble in alcohol; the pure salt contains about 
46 per cent of platinum metal ; it is unaffected 
by the atmosphere. The stock solution should 
^ prepared with distilled water and kept in a 
gla^stoppered bottle in the dark. Toning 
would be very slow and irregular if this salt 
were not used in acid solution ; the speed of 
toning depends on the acidity, and not on the 
acttiia acid used, but it is necessary to avoid 
certain acids (such as acetic, boric, formic, and 
tartaric) which cause more or less rapid decom- 
position of the bath. Phosphoric acid had long 
been reconunended, but it has no specid 
advantage and its commercial solutions are of 
uncertain concentration. The best acid to use 
is sulphuric, or, failing that, sodium bisulphate 
in equivalent amount (§429). 

PotaMinm chlorcmlatinite . . 1 g 

Sulphuric acid diluted in 10 times its 

volume of water . 50 ml 

Water to make .... 1000 ml 

This bath can be used until the platinum is 
ahnost completely (90 per cent) exhausted 


(Lumi^re and Seyewetz). The ratio of platinum 
to silver when no previous gold toning has taken 
place may vary from i : 0*42 (mat albumen 
paper) to i : 0*34 (collodion paper). 

Prints toned with platinum should be well 
washed in several changes of water, and then 
fixed in an alkaline fixing hoik. 

Almost identical results can be obtained by 
substituting potassium chloropalladite for 
chloroplatinite ; this salt gives nearly twice the 
effect for the same weight. 

669. Selenium Toning. The use of selenium 
in the form of selcno-sulphate ' (with ammonium 
chloride added) for toning print-out papers 
was suggested in 1912 by P. Rehlfinder as being 
more economical than toning with gold and 
platinum. Even with papers which have been 
well washed to remove the soluble silver salts, 
toning with sodium seleno-sulphate tends to 
stain the whites of the images very strongly. 
This trouble can be obviated, when toning is done 
after fixing and washing, by adding a sm^ quan- 
tity of sodium thiosulphate to the toning solu- 
tion (Lumi^re and Seyewetz, 1924). This proce- 
dure greatly increases the speed of toning. The 
tones obtained vary from dark brown to red, 
depending on whether the image is coarse or 
fine grained; this toning gives (with certain 
papers) an appearance of platinum toning 
when used on a print which has been toned with 
gold and fixed. 

The ratio selenium : silver (i : o-88) in a 
print which has been toned for some time is 
greater than that for silver selenide (Lumi^re 
and Seyewetz). The selenium is deposited on 
the silver without combining with it until each 
grain of silver is completely enclosed in selenium. 

Sodium seleno-sulphate may be obtained by 

* Selenium, which in many of its properties resembles 
sulphur, appears usually as a grey crystalline mass 
with a metallic reflection ; in a fine state of sub-division 
it is generally red. The alkaline seleno-sulphates, and 
particularly the sodium salt (NagSSeO|— M.Wt. b: 205) 
have a constitution which is closely analogous to that 
of the thiosulphates (Na|S|0,), the selenium replacing 
a portion of the sulphur. J ust as thiosulphate is obtained 
by dissolving sulphur in a hot solution of sulphite, so 
seleno-sulphate is obtained by dissolving selenium 
in hot sulphite solution. As seleno-sulphate is not 
made commercially it must be prepared as required 
by dissolving selenium. Solutions of seleno-sulphates 
should be kept in full bottles, well stoppered to avoid 
conversion into inactive seleno-trithionates by oxida- 
tion; they are more stable in presence of sodium 
sulphite or thiosulphates. Analogous compounds of 
tellurium have also been used for the toning of silver 
prints. All selenium and tellurium compounds are 
poisonous. 
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dissolving 30 g of powdered selenium in 1,000 ml 
of a warm 20 per cent solution of anhydrous 
sodium sulphite. 

Two to 5 ml of this solution are added to 
each litre of a 30 per cent solution of hypo. The 
smaller quantity is used for toning albumen 
papers and the larger for emulsion papers 
(gelatine or collodion P.O.P.). The bath is 
clear, colourless, and keeps well. 

Toning is very rapid, taking from 2 to 5 
minutes, according to the degree of exhaustion 
of the bath. This toning solution is very econo- 
mical ; 1,000 ml will tone 80 prints 7 x 5 in. 
in size, and the results are highly permanent if 
washing is properly done. 

670. Fixation of Print-out Papers. The chem- 
istry and the mechanism of fixation are the same 
as for negative emulsions (§§487-91), but, as 
we shall see in connexion with washing, the 
paper support, especially the baryta coating, 
considerably retards the subsequent removal 
of the hypo. 

Acid fixers, which tend to weaken the detail 
in the high-lights of the prints, and concentrated 
solutions, which cause blisters in the washing 
process, should be avoided. To avoid the exces- 
sive swelling of gelatine liable to occur in a 
neutral bath, an alkaline bath is used. This has 
the further advantage that, if toning has been 
carried out in an acid bath, there is no risk of 
sulphiding. 

The following, for exaunple, may be used — 

Sodium hyposulphite, cryst. . 100 g 

Soda carbonate, anhydrous . . x.o g 

Water to make .... xooo ml 

A bath of this kind becomes exhausted very 
rapidly, and must be frequently renewed. As 
there is no visible indication that a fixing bath 
has become exhausted, it should be replaced 
when about 3 sq ft of paper (e.g. ii prints 
7 X 5 in.) have been fixed per pint of solution. 
This is equivalent to 50 sq dm of paper (20 prints 
13 X 18 cm) per litre. A test should also be 
made as indicated in § 498. The serious worker 
should use two fixing baths, for the reasons 
already given (§ 496), and the question becomes 
one of great importance in the case of print-out 
papep, owing to the extremely finely divided 
condition of the silver of the image which 
renders it very susceptible to any destructive 
influence. 

Although, in warm weather, collodion papers 
are to preferred to gelatine papers, the 
gelatine of the latter can be hardened in an 


alum fixing bath, having first made sure that 
the paper will not leave a greenish tint after 
fixing and washing. The following bath may be 
used— 

Sodium thiosulphate cryst. . . xoo g 

Acetate of soda, fused . . . xo g 

Chrome-alum . . . . 5 g 

Water to make .... 1000 ml 

The solution is prepared by dissolving each 
ingredient separately in a portion of the 
water, mixing the alum and the acetate of soda 
solutions, and pouring the mixture into the 
thiosulphate solution. 

If the washing is necessarily rather incomplete, 
use can be made of an effective hypo eliminator. 
This will transform the thiosulphate retained 
by the base into inert sulphate : (but see 
also § 513). 

671. Combined Toning and Fixing. Although 
suggested in 1850 by le Gray, combined toning 
and fixing baths were not employed until about 
1890, when emulsion-coated print-out papers 
came into general use. These were the first 
papers suitable for the combined treatment. 

It is generally assumed that prints toned in 
combined toning and fixing baths last for a 
relatively short time. It is true that many 
examples of prints which have proved perfectly 
permanent after this treatment can be produced, 
but it is also a fact that these cases are largely 
exceptional, owing to the deplorable conditioi|s 
under which these combined toning and fixing 
solutions are generally used, and owing also to 
the fact that there is nothing to show when a 
bath of this kind has been exhausted. Even 
when all the gold has been exhausted (assum- 
ing that there is any gold in the solution ; this 
is not the case in all toning solutions com- 
mercially provided ready f6r use by the 
amateur), the baths continue to tone ; and they 
tqne even when satisfactory fixing is no longer 
possible. 

The prints cannot be permanent unless the 
toning has effectively guded the image, and 
unless the fixing is perfect ; these conditions are 
very rarely combined. It is essential that the 
combined toning and fixing solution should con- 
tain an effective amount of gold, and should 
not be used for more than a very limited 
number of proofs. 

Finally, it b essential to follow with a separate 
fixation. This latter is particularly necessary 
when the required tone is obtained within a 
very short time of immersion in the solution. 
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as in this time it is impossible for the fixation 
to be complete. 

A considerable economy in combined toning 
and fixing baths can be effected by previous 
hxing of the prints (R. Kamias, 1908). Failing 
this, the precaution already recommended of 
washing the prints in plenty of water before the 
toning and hxing should he taken, or alterna- 
tively, they should be treated with salt solution 
and briefly rinsed. 

672. Reactions in Combined Toning and 
Fsong Baths. Combined toning and fixing 
baths usually contain as essenti^ constituents 
sodium thiosulphate, alum, a lead salt, and gold 
chloride. 

The reactions between the constituents of the 
bath themselves and between the constituents 
and the silver of the image have been studied 
diiefly by £. Valenta (1892), and A. and L. 
Lumi^re and A. Seyewetz {1902-12). 

Gold chloride in the presence of s^ium thio- 
sulphate is converted into a double thiosulphate 
of gold (aurous) and sodium (the salt of Fordos 
and G^Us, which was formerly used for toning 
daguerreotypes). A mixture containing only 
these two constituents tones paper prints very 
slowly and gives only reddish tones. 

The toning is accelerated and improved by 
the addition of a lead salt which, with sodium 
thiosulphate, gives a double thiosulphate of 
lead a^ sodium. The lead in this condition 
can deposit on the silver, both metals being 
partially sulphided. A mixture of thiosulphate 
of soda and a lead salt forms a combined toning 
and fixing solution which yields very beautifid 
tones, but prints thus toned change very quickly. 
A print toned with lead only and then trans- 
ferred to a gold bath fixes the gold very rapidly ; 
it would seem that the lead compounds pre- 
viously formed in the image act as mordants. It 
seems that in a combined toning and fixing bath, 
containing thiosulphate, gold chloride, and a 
lead salt, the last-named acts as an intermediary 
and accelerates the deposition of the gold on the 
silver ; it does not appear in the finished image. 
A small quantity {0*05 per cent) of lead 
salt is sufficient to obtain a maximum effect, and 
the nature of the soluble lead salt has no effect 
on the tone nor on the speed of toning. Lead 
acetate or nitrate^ is usually used. 

^ Crystalline lead acetate ( (CH,COO)gPb3H«0- 
ILWt « 379) commonly called sugar of lead, occurs 
in the lom of colounesB dense prismatic crystals, 
very solBble in cold water (more than 30 per cent), and 
lAoieseiiig 4 owly in air. 


We have already studied the action of the 
alums on thiosulphate (§493). The alum and 
thiosulphate solutions are usually prepared 
separately and mixed at a boiling heat. Under 
these conditions the reaction between the two 
sdts is incomplete^ and several days are required 
for equilibrium to be reached. A mixture of this 
kind, without addition of other substances, tones 
prints by sulphiding the silver; but only dull 
colours are obtained, and prints thus toned are 
not very permanent, for the finely divided silver 
sulphide which is formed is not as resistant to 
atmospheric action as is the coarse-grained silver 
sulphide formed by toning development papers. 
After the addition of gold chloride the mixture 
tones somewhat more quickly than the double 
thiosulphate of gold and sodium, but the tones 
are not as good as those obtained in the presence 
of a salt of lead. Owing to the presence of salts 
of lead, the black sulphide of which is insoluble, 
ordinary combined toning and fixing solutions 
contain no sulphide ; the toned image neverthe- 
less contains a little silver sulphide. It appears 
that the thionates, formed by reaction in hot 
solution between the alum and thiosulphate, 
convert the lead into the most active form for 
assisting toning. 

Combined toning and fixing mixtures supplied 
in a dry state do not always contain alum ; the 
solution in cold water of those which contain 
alum results in an unstable liquid which con- 
stantly deposits sulphur. The amount of lead is 
gener^y increased in these cases in order to 
convert the sulphides into lead sulphide ; this is 
precipitated with the sulphur as a grey or black 
deposit. 

Toning takes place only in a neutral or acid 
medium; it is impeded by alkali, and also to 
some extent by sulphites and bisulphites. 
Ammonium sulphocyanide is sometimes added 
to combined toning and fixing solutions ; these 
solutions could also be made with thiourea or its 
derivatives instead of thiosulphate, but without 
any particular advantage. 

673. Preparation and Use of Combined Toning 
and Fixing Solutions. The addition of gold 
chloride to these solutions should be postponed, 
if possible, until shortly before the solution is 

Lead nitrate (Pb(NO|)|~M.Wt. « 339) is not very 
different in app^rance; it is a little less soluble in 
water (about 25 per cent), and is unaffected by the 
atmosphere. 

Solutions of these salts in ordinary water are milky 
owing to the formation of chloride, sulphate, and lead 
carbonate from the corresponding calcium salts. Lead 
salts are poitonons. 
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required for use. The following solution is first 
prepared — 


Sodium thiosulphate, cryst. . . 200 g 

Alum . . ■ 15 g 

Lead acetate or nitrate . 2 g 

Water to make . . .1000 ml 


The three solids are dissolved separately ; the 
alum and the hypo solutions are brought to the 
boil and mixed boiling. A bulky precipitate is 
formed with evolution of sulphur compounds. 
After complete cooling, the solution of the lead 
salt is added. After several days’ standing the 
solution is filtered; no further precipitate will 
form. 

Shortly before treating the prints, the required 
quantity of solution is taken and to it is added 
the gold chloride (i per cent) solution in the 
proportion of one volume of the gold solution 
to 20 volumes of the stock solution. Approxi- 
mately 120 ml of solution is necessary for 20 prints 
7 X 5 in. in size ; this number may be increased 
to 25 if the prints are fixed before treatment. 
Should this be the case, the bath may be diluted 
to facihtate the immersion of the prints. As far 
as possible a quantity of solution greater than is 
necessary for the number of prints to be treated 
should not be used, and a fresh bath should 
be employed for each batch of prints. 

In hot climates, and to obtain hardening of 
the gelatine more completely than that obtained 
with the solution given above, the following 
solution, prepared in the cold may be used for 
gelatine P.O.P. (Lumi^re and Seyewetz, 1906) — 


Sodium thiosulphate, cryst. 250 g 

Sodium bisulphite, coml. solution 10 ml 

Alum . . . . • 40 g 

Lead acetate ... 2-0 g 

Water to make 1000 ml 


Gold is added to this as required, in the manner 
described above. 

For satisfactory permanence, prints must be 
given an extra fixing. 

674. Development of Partly-e]qx)8ed Prints. 
Print-out papers with a soluble silver salt in the 
emulsion can be developed physically (§484) 
to give their normal depth after an exposure of 
only from one quarter to one tenth of that 
required for a fully-printed im^e, using only 
the silver salt actually present in the sensitive 
film (Blanquart-Evrard, 1850). This method is 
applicable only to paper of fresh manufacture 
wludi has be^ kept under perfect conditions 
and which has been handled only in artificial light 
or very weak daylight; the less the degree of 
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printing, the more strictly do these conditions 
apply. 

From the very mechanism of this reaction it 
is obvious that the print should not be washed 
before development. Also, dilution of the silver 
salt in the developer should be avoided as far as 
possible. As it is necessary to use a perfectly 
clean dish, one of glass should be chosen. A dish 
can be dispensed with, however, by placing the 
print face upwards on a sheet of glass larger than 
the print, and then covering it with developer 
by swabbing it rapidly with a plug of cotton wool. 

The colour and the contrast of the developed 
image vary considerably with the type of paper 
used, the depth of the original image, the actual 
developer chosen and the degree of acidity of 
the mixture. Lightly-printed images generally 
give prints with very poor contrasts. 

The following developer (E. Valenta, 1914) 
may be used — 


Citric acid . 
Metol 

Hydroquinone 
Water to make 


17 g 
4 g 


6g 

. 1000 ml 


This solution keeps very well in well-stoppered 
bottles, and is diluted for use to from 10 to 25 
times. Preliminary tests should be made on 
pieces of print to determine what dilution is best 
for the actual paper used. 

When the image has reached the desired depth, 
development is stopped by immersing the print 
in a dilute (about 2 per cent) solution of sodium 
chloride (table salt). After washing, the print 
may be toned, or treated with a combined toning 
and fixing bath. 

Stain (due to general excessive exposure of 
the paper to light or to the temperature of the 
bath l^ing too high) may be avoided, and at 
the same time the contrast of t^e image may be 
increased by adding to the devdoper a few drops 
of a dilute solution of potassium dichromate 
(6. Schweitzer, 1905) ; up to 5 drops of a z per 
cent solution may thus be added to 120 ml of 
diluted developer. 


Self-toning Papers 

675. Types of Self-toning Papers. The addi- 
tion to the onulsion of the gold salts necessary 
for toning prints on print-out paper was sug- 
gested before i860, but it was not until 
that P. E. Schoenfelder and E. Kehle work^ 
out a commercial process. For some years p^ 
a certain number of self4oHing or auMcnitig 
papers have been prepared which, instead of 
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gold, have salts of selenium or tellurium in the 
emulsion. 

Emulsions for self-toning papers are made 
with gelatine or collodion, and correspond to 
gelatine and collodion print-out papers respec- 
tively. Gelatine papers are generally preferred 
for glossy prints and collodion papers for mat 
prints. 

The extreme simplicity in the handling of 
these papers and the permanence of the prints 
when the treatment has been correct have made 
these papers very popular with amateurs who 
do their own printing. So simple, indeed, is the 
manipulation that there is a tendency to take 
liberties, and so to depreciate the quality and 
permanence of the prints. 

676. Woddng Methods. Self-toning papers 
should be used only with vigorous negatives, 
with the exception of the special papers made 
for obtaining contrasty prints from weak 
negatives. The final tone of the image largely 
depends on the qualities of the negative , 
within certain limits, the more vigorous the 
negative, the richer the colour of the print. 

Self-toning papers may be placed in the fixing 
bath Without any washing or other prelimins^ 
treatment. Most of them can be treated with 
a solution of sodium chloride (table salt) before 
fixing to give purplish tones. In both cases, 
the colour of the image depends essentially on 
the concentration of the bath, and on the 
volume of bath used for a given amount of 
paper. To ensure imiformity of colour when 
many prints of the same subject are being 

g rinted, they should not be treated one by one 
I the same solution ; it is better to measure into 
a di^ the amount of solution required for all 
the prints, and then to introduce them rapidly 
one by one into the bath for simultaneous 


treatment. The prints must be kept in move- 
ment ; a good method of doing this consists in 
continually transferring the print at the bottom 
of the heap to the top. 

The usual strengths of baths are 5 per cent 
of sodium chloride for the salt solution and from 
10 to 20 per cent of sodium thiosulphate for 
the fixing bath. Acid or alum fixing solutions 
should on no account be used. The fixing bath 
should preferably be rendered alkaline by the 
addition of a pinch of sodium bicarbonate in 
accordance with the recommendation of most 
manufacturers. 

Very cold baths should be avoided ; the best 
temperature is in the neighbourhood of 65°F. 
If the toning is done in the fixing bath, and if 
the temperature is too high, the strength should 
be reduced by addition of water to avoid the 
toning being too rapid for easy control. 

The volume of bath generally recommended is 
from 30 to 50 ml for a print 7 x 5 in. (120 to 
200 ml per sq ft or 12 to 20 ml per sq dm). Used 
baths, which have practically no value, should 
not be used many times in succession, nor should 
fixing baths which have been used for other 
sensitive material ever be used for self-toning 
paper. 

Where the above instructions are found to 
differ in any respect from the makers’ instruc- 
tions, the latter should, as a rule, be followed. 

Some self-toning papers become dLscoloured 
between the times of their manufacture and 
use more readily than do other print-out papers, 
but the coloration disappears during fu^g; 
paper should not therefore be thrown away, 
owing to its appearance, until it has been tested. 

After fixing, the prints should be washed 
under the conditions (§757) described for all 
other papers. 
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General Considerations 
677. Supports for Positive Materials : Papers. 

Silver emulsions which do not contain any 
soluble silver, in fact all emulsions processed 
by chemical development, are very effectively 
protected from impurities which may be 
present in the original paper by an opaque 
covering (baryta coating) which is employed on 
nearly all papers not intended for viewing by 
transmitted light. 

Only in certain special pases is it necessary 
to use papers manufactured from waste vege- 
table fibres (shreds from clothing factories and 
clean sorted rags) as is necessary in the case of 
print-out emulsions containing soluble silver 
salts. Positive papers are of differing thicknesses 
and very varying structures. Thin papers are 
usually used only for small prints ; thick papers 
are employed for large prints and sometimes also 
for small pictures with large borders which are 
not to be mounted ; thin card is used principally 
for postcards. 

Pai)ers may have a smooth surface, the 
different finishes (glossy, semi-glossy, and mat) 
being obtained by the composition and finish 
of the baryta and by the inclusion in the 
emulsion of coarse starch or other powdered 
bodies (barium sulphate, synthetic resins which 
swell in water, etc.) having a refractive index 
a little different from that of dry gelatine; 
papers having a special surface finish are also 
used (grained, wrinkled, imitation cloth, or 
satin). Mat papers are coated with a mixture of 
lower gelatine content than glossy papers and 
are not calendered after baryta coating. 

The image is always sharper and more con- 
trasty (§ 590) on glossy papers than on semi- 
glossy and mat papers. Very small images 
and images of all sizes which are of scientific or 
documentary interest and all photographs which 
are destined for reproduction, shodd be copied 
on glossy paper; (nevertheless smooth mat 
papers are useful for preparing originals for 
catalogues, since these are more suitable for 
retouching (§865) and the retouched portions 
match the imretouched portions better) : photo- 
graphs of artistic interest may with advantage 
be copied on pa^r the structure of which is 
smaller than the image dimensions, the picture 


being viewed from a distance ; in this way it is 
possible to avoid reflections, which are always a 
nuisance when viewing large glossy prints, 
to soften detail (and graininess in the case of 
enlargements) and to encourage the spectator 
to stand back and observe the picture under 
good conditions. 

Baryta-coated papers cannot be folded or 
creased, especially when dry, without cracking 
at the fold; it is better to use non-baryta- 
co^ited paper for documents which have to be 
handled frequently. 

In order to diminish the bulk of archival 
documents, papers are sometimes used which 
are coated with emulsion on both sides, the 
paper being temporarily dyed brown in order 
to protect each side in turn whilst exposing 
the opposite side. Translucent papers, which 
are more or less transparent, are used for decora- 
tive or advertising purposes; they are also 
used for the preparation of reduced scale 
drawings laterally reversed, the negative thus 
obtained being used as a master for the prepara- 
tion of copies necessary in engineering or other 
work. Finally very agreeable effects can be 
obtained on these papers by colouring on the 
back and exhibiting against a white card, or by 
using them against variously coloured back- 
grounds. 

Another device which is sometimes used for 
advertising purposes by day and by night, 
consists in producing two separate images, in 
register, on either side of a translucent support 
(such as opal film or very hoiAogeneous paper) 
the front image being suitable for viewing by 
reflected light but having insufficient contrast 
if illuminated from behind, and the rear image 
(which may be diffuse) of suitable density to 
re-establish the contrast if viewed in this way. 
In such a paper the contrast pa^ frOTi 1-40 
to 2’53 and the maximum density from 1*30 
to 3*64 when the image is viewed as a transpar- 
ency instead of by reflection. 

A special type of paper may be used for ob- 
taining an image dizectly on any type of support 
and this is emplo]^ particularly to refiaoe 
mnTuml tracing on sheet metal us^ in aircraft 
construction. After the support has bra treated 
with a varnish and allowed to dry, it is rendered 
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adhesive by the application of a suitable liquid 
and the sensitized surface of the paper squeegeed 
into contact. When dry, the paper which has 
acted as a temporary support to the emulsion 
(a high contrast emulsion of a type suitable for 
line reproduction) is stripped away and the 
emulsion exposed by contact or projection. 

Finally, mention may be made of stripping 
papers from which the image may be transferred 
to all kinds of supports (such as metallized 
papers, wood, opal glass, etc.) after processing 
and drying: a treatment with warm water 
dissolves the substratum of unhardened gelatine 
which had previously held a tanned layer of 
emulsion to the temporary paper support. 

For some scientific or technical purposes, 
methods are sometimes adopted to reduce curl 
which might be caused by stretching or swelling 
of the emulsion. Curl may be considerably 
reduced by the use of a paper which has been 
varnished or which has been laminated with a 
thin sheet of aluminium foil. Another method 
is to use a paper which has been coated on the 
back with unhardened gelatine before use ; the 
paper is moistened with water to give maximum 
expansion and laid down on a sheet of glass. 
It adheres firmly to the glass and is dried at 
its maximum extension, so that any further 
curling during later treatment is prevented. 

678. Photographic development papers are 
supplied in sheets, in envelopes containing 10 
to 20 sheets (or in cylindrical cardboard con- 
tainers in the case of the larger sizes) or in 
boxes of 50 or 100 sheets, or sometimes in roll 
form in lengths of 10 to 100 metres. The sheets 
arc generally packed all the same way up except 
for the last sheet which is reversed to prevent 
contact of the emulsion with the wrapping 
paper. There is little fear of error in determin- 
ing which is the sensitized surface of the paper 
since this is generally slightly concave and the 
back of the paper often b^rs a trade mark 
printed in grey. If the interior wrapping is of 
waxed paper care should be taken to avoid 
contact of this paper with the emulsion since 
traces of wax deposited on the emulsion surface 
will stop or retard locally the action of the 
develop^ ; the top sheet of an opened packet 
of paper should therefore be tum^ over before 
re-wrapping. 

If it is necessary to cut up large sheets of 
paper it is advisable to plan the work carefully 
to avoid wastage of paper; the unused paper 
^<mld be handUed only with clean, dry hands 
and care should be taken to avoid fingering the 


emulsion surface; for preference two sheets 
should be placed with emulsion face to face 
when cutting. It is often convenient to place the 
sheets of paper destined for immediate use in a 
separate light-tight box in order to avoid 
frequent wrapping and unwrapping; the box 
should be marked clearly to indicate the type 
of paper and its contrast grade. 

679. Positive Plates. There are two types of 
dispositive (from the Greek “dia” meaning 
"through," indicating that a positive image is 
to be viewed by transmitted light) or lantern 
plate available on the market, the first carr3ring 
a slow gelatine-bromide emulsion to give black 
tones (some manufacturers supply them in two 
contrast grades; alternatively "Process" t5q>e 
plates may be used for document reproduction) 
and the second carrying a much slower fine- 
grain chloride or chlorobromide emulsion to 
give warm tones. Dispositive plates are some- 
times supplied at special request with a mat 
translucent emulsion to avoid the necessity of 
backing with ground glass when the photograph 
is to be used for direct viewing. Some manu- 
facturers also supply plates made of opal glass 
coated with a black-tone emulsion to be used 
for photographs to be viewed by reflected light. 

680. Positive Films. Besides cine-positive 
films, the emulsions of which are much faster 
than those normally employed for positii'e plates, 
and which are normally made in only one con- 
trast grade, slow negative films of different 
degrees of contrast are often used for making 
transparencies. In this way it is possible to make 
in one piece positives of much greater dimensions 
(width 1-20 metres and of any length) than is 
possible to coat glass plates. The use of Kim 
is also an advantage where collections of slides 
for projection have to be circulated, since they 
can be readily mounted under glass when they 
reach their successive destinations. 

A number of types of lantern-slide projectors 
permit the projection of still pictures printed on 
strips of 35-mm cine-positive film similar to 
miniature negative film; a mechanism in the 
projector moves the film on frame by frame 
as required. The positive films may also be cut 
up and the separate pictures mounted in metal 
or cardboard frames so that they may be pro- 
jected in any desired order. Automatic projec- 
tors for advertising purposes use an endless 
loop of film on which are printed 35-mm still 
pictures. Films coated on both sides are used 
for making two-colour copies or for stereoscopic 
anaglyphs; one of the emulsions is coated on 
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top of a non-actinic but decolorizing sub-coat 
(L. Gaumont, iQog), or both emulsions are 
temporarily dyed an intense yellow (P. D. 
Brewster, 1913). in order to avoid affecting each 
layer in turn whilst the other is being exposed. 

681. Enniulsions which may be coated by the 
User. The needs of the aircraft industry during 
the Second World War have induced manufac- 
turers to supply emulsion ready for coating or 
preferably, because of their greater stability, 
dry powdered emulsions which may be dissolved 
in a prescribed quantity of warm water. These 
emulsions may be coated on any type of support 
which has been pre-coated with cellulose varnish 
or some other suitable impermeable medium 
which will not attack the sensitive material 
On small surfaces, coating may be carried out 
on a whirler, centrifugal force ensuring the 
uniformity of the coating. On large surfaces, 
the emulsion is sprayed on to the support 
(preferably held in a horizontal plane) by means 
of a spray-gun of the type used for painting 
(following the technique advocated in 1934 by 
K. Mollo for decorating large expanses of wall). 
These guns must have all parts which come 
into contact with the emulsion made of pure 
nickel, stainless steel, or other metal thickly 
plated with silver. The coating operation should 
be carried out if possible in an atmosphere of 
72°F to 77"F and of relative humidity 60 to 
70 per cent ; the gun should be held at a distance 
of about 18 in. from the surface to be sensitized ; 
if the emulsion has been dissolved in about 12 
times its weight of water, the optimum air 
pressure is from 3 to 3-5 kilogrammes per 
square centimetre. The coating operators should 
be provided with masks which filter the air 
through sheets of wadding to remove the dust 
formed during spra5dng (the same precaution 
should also be taken during the preliminary 
varnishing treatment). Spra5dng may be con- 
veniently controlled by the inclusion of a red 
dye, which may be removed in the course of the 
normal treatments, and which appears black 
or dark grey in the green safelighting employed 
(T. T. Baker, 1945). 

68a. Different Types of Emulsions. The 
preparation of positive emulsions for coating on 
plates or films differs very little from the pre- 
paration of those for negative emulsions; for 
example, reduction of the iodide content and 
sometimes the omission of this salt in silver- 
bromide emulsions, the presence of chloride 
or the replacement of bromide in silver chloro- 
bromide or chloride emulsions, precipitation as 


finer grains and a shorter time of digestion. 
Since the covering power of fine-grained silver 
is greater than that from the coarser-grained 
negative emulsions, the emulsion is coated more 
thinly and has a lower silver salt content, 
resulting in more rapid development, fixing, 
washing, and dr)dng. 

683. Emulsions for coating on paper differ 
essentially from negative and diapositive emul- 
sions in that their first digestion is much shorter 
and is not generally followed by washing to 
remove soluble salts, nor in consequence is it 
necessary to digest the remelted emulsion since 
this would have no effect. Thus whilst the 
soluble salts left in the emulsion after precipita- 
tion of silver halide crystallize on the permeable 
support during drying, they later divide between 
the emulsion and the permeable paper support 
so that there is no furthei risk of crystallization. 

These emulsions are very strongly hardened 
and in general do not dissolve even in boiling 
water (except those for special purposes such as 
papers for the Bromoil process) ; for this reason 
they may be dried at the high temperatures 
demanded by certain classes of user, for example 
in D and P work for amateurs. The emulsion is 
plasticized by the addition of a very small 
quantity of glycerine which prevents excessive 
curling of the unused paper. The fact that the 
maximum density by reflection corresponds 
approximately to a transmission density of 
about 1*2 (§ 600) and the fact that the covering 
power of the silver is the greater the finer 
the grain, results in reducing the mass of silver 
(calculated as metal) per square metre to about 
3 g for silver bromide papers and 1*5 g for silver 
chloride papers. This difference in silver con- 
tent explains a number of differences in the 
behaviour between images produced from silver 
bromide and silver choride. It explains for 
example, the fading of chloride images dried 
• at excessive temperatures; the different results 
obtained when using various reversal baths, 
stopping in the case of chloride images, the pro- 
cesses which set in train the reactions in which the 
silver of the intermediate negative or positive 
take part, etc. Finally, most positive papers 
with a glossy surface are protected from abrasion 
by a very thin coating of gelatine. On a paper 
bearing an emulsion layer and anti-abrasion 
layer of total thickness 0*01 mm, the thicknesses 
of the two layers after swelling in water became 
0*04 mm for the emulsion and 0*005 mm for 
the anti-abrasion layer (£. Schloemann, 1932). 
It has been proposed, in order to reduce the 



404 


PHOTOGRAPHY: THEORY AND PRACTICE 


of sticking to the cloths of drying machines 
to use insoluble coatings (porous collc^on, agar> 
agar» etc.). 

Some years ago, the speed of special enlarging 
papers was considerably increased, without 
mi^ihcation of the other characteristics, by 
incorporating in the emulsions sensitizing dyes 
(cyanines), of which the effect is limited to the 
blue-violet region of the spectrum (with the 
maximum about 475 mfi and the limit about 
510 to 520 m^). It has thus been possible to 
manufacture chloro-bromide enlarging papers 
and even chloride papers with speeds to incandes- 
cent lamps about three times those of corres- 
ponding papers which have not been sensitized 
in this way (O. Bloch. 1931). It may be noted 
that the colour sensitization of positive papers 
by means of eosine had been suggested in 1900 
by K. Kieser in order to obtain a better render- 
ing with incandescent lamps, but the fact that 
the sensitization extended into the green made 
it necessary to use a red light of very feeble 
intensity for processing. Black-tone paper posi- 
tives prepared by normal development methods 
gener^y remain in perfect condition for two 
years or even longer ; the ageing of warm-tone 
papers, particularly when the emulsion is in 
an acid condition, often results in blacker tones. 

The maximum density, the speed, and the 
contrast (particularly in the case of high con- 
trast papers), sometimes slowly fall after keep- 
ing for a long period in a not too dry atmosphere. 
Papers are tet kept at i5-i8°C in an atmosphere 
of relative humidity 50-65 per cent. Packets of 
paper should never be exposed to the sun. 
(M papers, which give veil^ or mottled prints 
may often be made to yield perfect prints by 
processing in a developer containing an addi- 
tion of an antifogging agent (§386) such as 
benzotiiazole ; in this case the exposure should 
be somewhat increased. 

It is not possible to avoid minor variations 
in the speed and contrast of successive batches 
of the same type of paper, the latter being 
more troublesome than the former, thanks to 
the exposure tolerance of positive papers. 
Latent-image fading is considerably more rapid 
in the case of unwashed emulsions, particularly 
chloro-bromide emulsions, than in negative 
emulsions ; cases have been noted where fading 
has been very appreciable on prints developed 
4 hours after expmure and where the latent image 
was totally destroyed after 10 to 30 days, it 
being possible to use the exposed paper again 
asif h wereftesh. 


684. Silver-bromide papers, of which the true 
sensitivity is limited to the spectral range 380- 
470 m// are much the fastest. They are used 
principally for enlarging and the tone of the 
image is normally a neutral black. Silver 
chloro-bromide papers are made in a large 
number of varieties containing different relative 
proportions of silver chloride and bromide: 
papers with only a small chloride content differ 
very little from bromide papers and those 
with a low bromide content are similar in 
properties to chloride papers. The spectral 
sensitivity and speed of these papers is inter- 
mediate between those containing only one of 
the halides. They usually produce a warm 
black image but some, by use of an appropriate 
developer, will produce a range of tones from 
warm brown to sepia. 

Silver chloride papers, which have a true 
sensitivity limited to the spectral range 370- 
420 m/^ are much slower than bromide papers. 
The image colour is a cold black or even a 
blue black, and the latter tendency is often 
increa.sed by the use of emulsion addition agents 
(§ 191) or additions to the developer. Papers 
containing silver chloride when exposed to day- 
light rapidly turn violet, the colour being more 
intense with increasing chloride content. On 
the other hand, silver bromide slowly turns 
grey, so that it is quite simple to differentiate 
between the various types of sensitive material 
in this way. 

The particular characteristics of chloride 
papers are such that they are almost exclusively 
used in the preparation of contact prints for 
amateurs by D and P works. The increased 
speed of these papers due to the use of sensi- 
tizers also now enables them to be used for 
enlargements but it is necessary to use a more 
intense light source than that usually available 
in amateur enlargers. 

The relative speeds of the various types of 
sensitive material are indicated very roughly 
in the table given below — 


Fast negative emulsions .... 200,000 

Cine-positive film 5.000 

Black-tone lantern plates .... 3,000 

Bromide papers 1,500 

Warm-tone chloro-bromide papers 130 to 500 

Chloride enlarging papers .... 20 

Contact chloride papers • 5 to 7*5 

Warm-tone lantern plates (according to the 
cobnr desired) x to 25 


085. Senaitociietric Chafacteristics of Positive 
Papers. Reciprocity failure (§205) is much 
grater in the case of, positive papm than for 
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negative materials. Exposure to low intensity 
illumination considerably reduces the maximum 
density and hence also the contrast, since the 
range of luminosities remains constant. The 
fact that low-intensity exposure of print-out 
papers frequently increases contrast, has some- 



Fig. 4 1. 1. Characteristic Curves of Bromide 
Paper with Varying Development Times 

times been unduly generalized to include 
development papers. It has been clearly estab- 
lished by different experimentalists (Ilford 
laboratories, 1925; F. Formstecher, 1929) that 
exposure to low intensities never increases 
contrast but frequently reduces it and also 
the maximum density. 

On the other hand, sensitometric tests using 
constant intensity and variable exposure time 
give very different characteristic curves from 
those obtained using constant exposure time 
and variable intensity, which are comparable 
conditions to those found in practice. In some 
instances the differences between papers may 
be almost eliminated by this effect. 

The curves shown in Fig. 41. i, which are taken 
from the work of L. A. Jones and C. A. Morrison 
(1939) correspond to sensitometric tests in 
which the exposure time was kept constant 
and the illumination varied, values of illumina- 
tion being chosen near the optimum for each 
type of paper. 

A feature which is common to all positive 
papers is the behaviour of the corresponding 
curves of specimens exposed under identical 
conditions and developed for increasing times in 
the same developer (the curves in Fig. 41.1 
correspond to a glossy silver-bromide pa.per: 
the times of development in seconds are indi- 
cated on each curve). As soon as maximum 
gamma has been reached (after 140 seconds in the 
example bemg consider^), further development 


merely shifts the curve in the direction of de- 
creasing exposure, so that identical images could 
have been obtained using different exposures, 
a shorter exposure being compensated for by 
increasing the time of development. Most good 
quality papers will tolerate a time of development 
which is double that which is necessary to give 
the maximum black, without giving veiled or 
mottled whites. Within this range prints are 
identical when the product of exposure time and 
development time is constant (B. T. J. Glover, 
1922). 

The exposure tolerance, which reaches 8 : i 
on some very low-contrast papers, is not more 
than 1*5 : i on very high-contrast papers. Since 
the fog becomes greater with increasing develop- 
ment it is not always an advantage to use the 
shortest exposure time giving the maximum 
black of the paper. 

686. The characteristic curves of the three 
types of paper previously defined have different 
shapes: Fig. 41.2 shows curves of samples 
of three different glossy papers having the same 
contrast and maximum density; one is silver 
bromide (curve F), another chloro-bromide 
(CB) and the last chloride (C). Two of these 
curves have been plotted so that the exposure 
D 

1-5 


1-0 


0-5 


o 

*Fig. 41.2. Characteristic Curves of (B) 
Bromide Paper, {CB) Chlorobromide Paper, 
AND (C) Chloride Paper 

ranges coincide with that of the third curve. 
Curve B has the longest straight-line portion 
(from a density of about 0*5 up to a point about 
0*2 below the maximum density). Against 
this, the straight-line portion of curve C is 
very short, bdng approximately between a 
density of 1*2 and 1*5. One might almost say 
that the slope of the cuWe increases steadily 
to the region of maximum density and in this 
case the conception of gamma has no practical 
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significance. It has been suggested that emul- 
sions of this type, which we have seen give the 
best compensation in printing negatives having 
a long toe (§605; curves A of Fig. 37.3), be 
termed “orthograde” (M. Abribat, 1935). Curve 
CB, which represents a chloro-bromide paper 



Fig. 41.3. Characteristic Curves of (G 
Glossy, (.SM) Semi-mat and (Af) Mat 
Papers 

containing a dominant proportion of bromide, 
has a shape intermediate between curves C and 
B but is closest to the latter. Superficial 
reduction of an over-exposed print produces some 
suppression of the toe of the characteristic 
curve, a result which gives interesting effects 
and is mainly useful for increasing the high- 
light contrast (E. Mankenberg, 1943). 

According to whether the characteristic curve 
has a short or a long toe, the paper is more 
suitable for printing under-exposed negatives or 
Negatives having very contrasty high-lights 
(pictures taken against the light). 

687. The nature of the paper surface has a 
considerable influence on the maximum density 
(§ 590) and gamma. The curves shown in Fig. 
41.3 correspond to three fractions of the same 
^omide emulsion coated respectively on glossy 
(C), semi-mat (SM), and mat (ikf) papers. 
It wiU be seen that the range of exposures is 
the same for the three kinds of paper, but that 
the maximum black aiid gamma are less as 
the surface becomes less glossy. It should 
be remembered that these diflerences disappear 
when the images are illuminated by polarized 
light and viewed through a polarizer oriented 
so as to extinguish the reflected polarized light 
(§ 122), the maximum black being greater than 
that from a glossy print viewed by ordinary 
light. 


688. Different Degrees of Contrast from the 
Same Type of Paper. With the exception of 
certain luxury papers, specially designed for 
portraiture, which are made only in one degree 
of contrast (medium or soft), positive papers 
are always made in several degrees of contrast 
or grades, the number of grades being as many 
as seven in the case of those papers destined 
for amateur use. Some establishments which 
cater for amateurs, systematically use papers of 
excessive contrast, believing that the amateur 
always expects to obtain results composed of 
black and white and does not bother about the 
intermediate tones. 

The curves of Fig. 41.4 show six grades of glossy 
chloride paper ; the curves have been separated 
to avoid overlapping and without this separation 
they would coincide in their upper parts, the 
minimum exposure to obtain maximum black 
generally being the same for papers of the same 
series. 

Since these papers all have the same maxi- 
mum density, it will easily be seen that a 
variation in maximum gamma (or the maximum 
average slope for those papers for which it is not 
possible to assign a value of gamma) determines 
in the inverse sense (and almost inversely 



Fig. 41.4. Characteristic Curves for Six 
Grades of Glossy Chloride Paper 

proportionally) the density interval between 
different intensities. 

The following table gives some idea of the 
usual designation of the grades 0 to 5 of the 
papers under consideration, and the values 
(natural and logarithmic) corresponding to the 
different intensities; it should be remembered 
that perfect agreement between a paper and a 
negative is assured when the difference between 
the extreme densities of the negative (§ 606) is 
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equal to the difference between the logarithms 
of the extreme intensities which determine 
the useful intensity range (§603). When the 
difference ADw of the extreme densities of a 
negative falls between the values A log Ep 
of the useful range of two grades of paper, it is 
preferable for high values of ADm to choose the 
grade of paper for which AD» is higher than 
A log Ep\ conversely, for weak negatives the 
grade of paper should be chosen for which 
Ai)w is lower than A log Ep (L. A. Jones and 
C. N. Nelson, 1942). 



Intensity KanKi* I 

Curvr No. 

Natural 

value 

LuKanthni 

0 

30 

1 - 4 K 

i 

2(1 

1 4t 

2 

20 

1-30 


’■* 

I'i8 

4 

9 

0 i)S 


.■5 

0 70 


Usual 

dosignatiou 


extra soft 

«ofl 

nonn.il 

medium 

roiilrast 

contrast 


These designations vary somewhat from one 
manufacturer to another; certain brands of 
paper also include an ultra-soft and ultra- 
contrast grade, having inttmsity ranges of 100 
and 2 (or logarithmic values of 2-00 and 0*30). 

In certain brands the softest bromide paper is 
softer than the softest chloride paper and the 
most contrasty chloride paper is more contrasty 
than the most contrasty bromide paper. 

From the table above it will be observed 
that the differences between the logarithms of 
the intensity ranges increase with the contrast 
(Curve No.) ; it would be preferable if the values 
of the difference of these logarithms decreased 
with contrast. 

689. Methods of Varying the Contrast of a 
Paper. Papers having a contrast which may be 
varied over a range of values have been realized 
(K. Fischer, 1912; R. Risson, 1935; F. F, 
Renwick, 1937) by mixing two emulsions, one 
very soft and the other very contrasty and of 
different colour sensitization. Such a paper 
made from a non-chromatized soft chloro-bro- 
mide emulsion and a contrasty chloride emul- 
sion sensitized to blue-green, may be handled in 
orange light. It may be adapted for all negatives 
having a density range between 2-0 (expose to 
blue light) and o*8 (expose to yellow light) by 
making use of a shutter arrangement to vary 
at will the proportion of the two lights so that 
the time of exposure of the same negative re- 
mains constant as one passes from one extreme 
light to the other. 


The intensity range of a paper may be extended 
by using an auxiliary light source and reducing 
the time of development to the minimum neces- 
sary to obtain a maximum black (K. Kieser, 1926) . 
The auxiliary light source reduces the high-lights 
of the print more than the detail in the shadows, 
but it should be noted that this method should 
be reserved for use in cases where only a small 
variation on the paper scale is required (P. 
Delmotte, 1942). Another method consists in 
immersing the paper, between exposure and 
development, in a o-i per cent solution of potas- 
sium iodide for about 30 seconds followed by a 
quick rinse, the loss of contrast due to iodizing 
being compensated for by increasing the time 
of development (F. Burki and L. Jenny, 
1941). 

On certain papers, the use of a light yellow 
filter (with half-watt illumination) and approxi- 
mately doubling the time of exposure gives an 
increase of 10 to 75 per cent in the intensity 
range and this method may therefore be used in 
copying negatives with density ranges which 
exceed their normal value by from 0*04 to 0*24 
(F. Formstecher, 1926-9). The effect of a coloured 
filter is greatest in the case of a negative having 
an image colour which is not neutral and is 
particularly great for a negative toned with a 
dye whose densities follow the spectral composi- 
tion of the copying light. Such a negative con- 
stitutes what R. Luther (1911) has called a 
universal or “elastic" negative. By very large 
variations in the time of development and 
exposure (in the inverse direction) of silver 
chloride papers, it is possible to vary very 
appreciably the density corresponding to the 
mean exposure intensity, without affecting 
the high-light and shadow densities, thus 
modif5dng the relative contrqist in high-lights 
and shadows (£. Mankenberg, 1943). 

Contact prints made using opal glass have a 
slightly higher image contrast than if clear 
glass is used, providing precautions are taken 
to see that the intensity and quality of the light 
is the same in both cases ; in a series of experi- 
ments on different types of paper the contrast 
factor was i-i times as great (C. Tuttle, 1934) : 
it seems that this effect is due to multiple re- 
flections taking place between the negative and 
the opal glass, all the effective densities being 
lowered but with a maximum effect on the low 
densities. 

690. The Herschel effect (§ 200), which is very 
large on some slow papers, may be used to lower 
the contrast of p^ts from hard negatives: 
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after exposure to white light a prolonged 
exposure is given to red light, the effect being 
greatest in the most strongly exposed parts of 
the print (P. Strauss, iqaS). 

J. Starry (1904) found that about a minutes' 
immersion in a solution of potassium bichromate 
(at a strength of i per cent for bromide papers 
or 0*2 per cent for chloride papers), followed by 
a 2o-second rinse in water, between exposure and 
development, considerably reduces the image 
contrast (§ 392). E. O. Langer (1937), obtained 
the following results using a constant concen- 
tration of potassium bichromate (0*5 per cent) 
for 30 to 60 seconds in the case of fast papers and 
I to 2 minutes in the case of slow papers. 


Paper used in 
tin' expenment 


Contrast bromide 
Soft bromide 
Extra contrast chloride 
Soft chloride 


Intensity range | 

Increase in 

Before 

Alter 

negative density 

treatment 

treatment 


It 

«5 

105 

63 

350 ! 

074 

4 

22 

074 

3a 

500 

i-ig 


F. Foimstecher (1933) has shown that treat- 
ment by all oxidizing agents, between exposure 
and development, increases the length of the 
toe of the characteristic curve. These effects are 
largely influenced by the concentration of 
soluble halide in the emulsion concerned 
(Liippo-Cramer, 1929). Whatever the oxidizing 
agent, preliminary experiments should be carried 
out on samples of the same paper. The same 
treatments are applicable to positives on plates 
and Aims, especially for the production of 
duplicates by successive copying. 

691- On certain papers, the intensity range 
may be varied by altering the conditions of 
devdopment. Thus on a soft bromide paper the 
range may be increased by about 30 per cent 
(oonpsponding to an increase of o ii in the 
density range of the negative) by using a 
weakly bromided developer (£. Schloemann and 
E. Weyde, 1933). 

On another soft bromide paper, it was found 
possible to double the range by using a very 
dilute developer (W. F. Weiland, 1940). 

Variations in the composition of the developer 
are mainly for the purp^ of varying the maxi- 
mum deimty, the curves overlapping in their 
lower and middle parts (U. Schmieschek, 1942). 

Two-bath development (§477) in which the 
first bath was a solution of sulphite and develop- 
ing agents and the second an alkaline bromide 
sdution, gave a reduction in gamma on a 
high-*contrast paper of from 8 to 47, the inten- 


sity range covered changing from 2-8 to 12-5 
(corresponding to an increase of 0-55 in density 
range) (F. Formstecher, 1930). The use of the 
same solutions in the reverse order, lowered 
both the gamma and the maximum image 
density, the increase in the intensity range being 
appreciably less. 

The intensity range may also be increased 
by transferring the paper, after a short develop- 
ment, to a still bath of pure water (§ 389) 
(H. W. Bennett, 1933). 

Another method which is applicable only to 
prints made by projection, will be described 
when dealing with enlargements. 

692. Abrasion. Papers, especially gelatine 
chloride and those with a glossy surface, are 
very susceptible to friction. Stress marks, the 
result of friction or abrasion, show in the same 
manner as on negative emulsions (§200), as 
black lines on a light ground, or as light lines 
on a dark ground. The markings which result 
from abrasion or friction can be minimized by 
“neutralizing" the outside surface during de- 
velopment by adding a very small quantity of 
a soluble iodide to the developer, which super- 
ficially desensitizes the emulsion. Fixing is 
then very slow and necessitates the employment 
of a more concentrated bath. The effects ol 
friction can also be lessened by the addition of 
small quantities of hypo to the developer, 
but this introduces the risk of yellow stains 
of the same nature as dichroic fog. 

Although these remedies are suggested, it is 
very desirable to avoid all friction or rubbing 
of the surface of a paper, however slight. Specud 
care should be taken to prevent the sheets of a 
packet from sliding over each other. 

693. Exposure to Light. Bearing in mind 
that the illumination decreases very rapidly 
in strength as the distance from the lamp 
becomes greater (§11), uniform results cannot 
be expected unless the negative is kept at a 
fixed distance from the lamp. This applies 
equally whether systematic tests are made for 
obtaining the best time of exposure, or whether 
a %ries of prints is required from one plate. 
This condition is secured automatically when a 
printing box is used. When printing in a frame 
the most simple method of obtaining these 
conditions consists in placing the lamp on a 
table in a marked position, and drawing lines 
on the table to indicate various positions for 
the frame. On each one of these lines make a 
note of the largest plate which can be illuminated 
sufficiently unifor^y in that position, and also 
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the relative values of equal times of exposure. 
These lines can be drawn at distances from the 
lamp proportionate to the square roots of the 
numbers i, 2, 4, 8, 16, 32, etc. These are, 
approximately, i, 1*4, 2, 2*8, 4, 5*6, etc. Under 
these conditions, equivalent exposures are 
practically doubled when the frame is moved 
from any line to the next. 

When giving exposure times inversely pro- 
portional to the illumination, the effective 
exposure diminishes slightly in proportion as 
the illumination decreases; the photographic 
efficiency being, with almost all papers, less as 
the lighting becomes less intense. But this effect 
is, as a rule, of a practical significance only when 
the illumination is very considerably reduced. , 

694. E]q)erimental Determination of the Ex- 
posure. The actual time of exposure ought not 
to be very short, unless some automatic expos- 
ing device can be adopted, as a slight error 
assumes relatively a considerable importance. 
At the same time, it should not be so long as to 
restrict unduly the number of prints produced. 
When the exposure is made by hand, the inten- 
sity of the light, ^ and its distance from the nega- 
tive, should be so arranged that the exposures 
should be, as far as possible, from 10 to 30 seconds. 

The following working conditions may be 
adopted as a rough guide— 


Bromide papers . 
Transparencies, black tone 
Chloro-bromide papers 
Chloride or gaslight papers 
Transparencies, warm tones 


' I 10 watt lamp at 4 ft 
. 13 watt lamp at 18 in. 

’ I 60 watt lamp at 12 in. 


Although with practice it is not difficult to 
learn to count seconds, it is always preferable 
to rely on some mechanical time indicator. It 
ensures uniformity in prints taken from the 
same negative. The most practical indicator for 
this purpose is the metronome, adjusted to beat 
seconds or half-seconds. 

(^5. Even the most experienced professional 
printer cannot avoid making errors from time 
to time in estimating the exposure for taking a 
print from a piarticular negative on a certain 
paper. Those who print omy occasionally are 
very much more liable to make such mistakes, 
especially if they are using a pai)er with which 
they are npt familiar. Rather than nm the risk 
of spoiling several sheets of paper in succession, 

* In automatic machiUM and iu some models of 
printing boxes, the Ulumination can be varied, not by 
ilMng tte distance betwera the plate an^the^^a^ 

arhULt ^ 


or of obtaining only inferior prints, it is infinitely 
preferable to sacrifice a small piece of pMtp)er for 
making tests. A piece of the same p>aper which 
is to be used for printing is used for making a 
series of exposures in steps, suitably adjusted 
to the negative. 

A series of exposures so arranged that each 
shall be twice the preceding — so forming a 
geometrical progression in the ratio of 2 — ^will 
allow the best time of exposure to be determined 
within a very long range, and by the use of the 
minimum of time and paper. It is, in fact, a 
general law in photography that exposures in a 
constant ratio produce images in which the differ- 
ences are practically equal. The number of test 
exposures to be made will obviously depend on 
the experience already acquired: the first esti- 
mate is much more likely to be correct if the 
photographer has already ascertained the most 
satisfactory exposures for negatives which differ 
only slightly in character and if prints have 
been taken on the same paper under identical 
conditions of lighting. 

The beginner should try, for example, ex- 
posures of 4, 8, 16, 32, and 64 seconds. Within 
this range it is practic^y certain that the correct 
exposure wiU be found. A more experienced 
worker can limit his tests to two exposures, 
12 and 24 seconds, for example. It is not desir- 
able, particularly at the start, to endeavour to 
economize paper in these tests. It is essential 
that in each of the test exposures it should be 
possible to examine satisfactorily the rendering 
of the lights and shadows, especially in the chief 
points of interest. 

The printing frame, containing the negative 
and the piece of paper for the test, is covered 
with an opaque shield — a piece of card, thin 
sheet metal, etc. — and pla^d at the correct 
distance from the lamp, accurately adjusted. 
If, for example, it is desired to test the five times 
of exposure previously suggested, the shield, 
completely withdrawn for four seconds, will be 
placed so as to cover about one-fifth of the 
test-piece at the expiration of that time. Then 
the ^ield will be moved forward so as to cover 
an additional portion of the paper at successive 
intervals of 4, 8, 16, and 32 seconds. 

The different portions of the paper will then 
have been expo^ respectively for— 

4 « 4Bec 

4 + 4 - 8 

4 + 4 + 8 , - 16 

4 4- 4 -f S + 16 — 3a „ 

4 + 4 + ® + *^ + 3**fi4 •* 
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The expt)sed test piece should be developed 
at once under the conditions which will be 
described later for each variety of paper, the 
time of development and the temperature of the 
solution being very carefully noted. 

The different parts of the test piece will show 
images increasing in density; that which best 
represents the tone values of the subject will 
be selected. Assuming that the development 
has been correctly carried out, if all the images 
are too light, all the exposures have been too 
short ; if, on the contrary, all are too dark, all 
the test exposures have bie^ too long. In either 
case the test ought to be repeated either by 
using a lamp of greater or less intensity, or 
by modifying the chstance between the printing 
frame and the light, or by adopting a new series 
of test exposures. Should one of the partial 
images be a little too dark and another slightly 
too light, a fresh test is unnecessary; an ex- 
posure intermediate between those correspond- 
ing with the two images respectively may be 
adopted. 

It is obvious that the development of the 
test piece might be shortened, thereby prevent- 
ing the image from attaining excessive density. 
But in that case the blacks would not possess 
that rich quality which characterizes a normally 
developed print. 

If the light tones are correctly represented 
on one of the partial images, and the shadows 
on another, it is a sign that the paper selected 
is not suitable for printing from &at particular 
negative. The test should be repeated on a 
paper exactly suited to the negative. It must 
be borne in mind that though two papers may 
have their full gradation within the same limits, 
they may render the intermediate tones very 
differently. The transition may be practically 
uniform in one, and very abrupt in the other. 
Two papers possessing the same extreme con- 
trast may thus be very different in their general 
character. 

If the shadows are correctly reproduced with 
an exposure shorter than that which gives the 
best rendering of the light tones, a paper which 
gives softer contrasts should be used. On the 
contrary, a paper giving greater contrast should 
be selected if the shadows are correctly rendered 
with a longer exposure than that required for 
the light tones. In either case, a test for the 
correct exposure should be made on the new 
pjiper. 

It is possible to obtain commercially screens 
which have 6 or 8 stops of uniform densities 


suitably spaced to provide a complete range of 
exposures when placed over a negative. The 
screen is placed between the glass of the printing 
frame and the negative for which the exposure 
time is required and a trial exposure made. The 
correct exposure for the negative is obtained by 
dividing the exposure time used for the trial by 
the opacity of the strip which corresponds to 
the best reproduction in the print. 

The best exposure being known, any desired 
number of prints may be then made and the 
development deferred to allow of the simulta- 
neous treatment of all the prints from the same 
negative. An essential condition is that they 
should be developed in exactly the same manner 
as the test piece, the developer being identical 
in composition and temperature. 

696. Urgent Prints. In certain cases, as, for 
example, current events for the daily Press, 
topici cinematography, military operations, 
etc., one or more prints may be required in the 
shortest possible time after exposing the nega- 
tive. The print is then taken from the wet 
negative, either before or after fixing. It must 
be remembered, however, that the silver bromide 
in the unfixed film forms an image complemen- 
tary to the negative, the contrast of the negative 
image being thereby considerably reduced. Also, 
a temporary fixing in an acid solution with a 
brief rinsing will require as much time as a 
thorough fixing in a fresh hypo bath of suitable 
strength. 

Gelatine which is soaked in a strong solution 
of hypo is less likely to melt in the projector 
than gelatine soaked in plain water, since the 
latter will be more swollen. The use of a mercury 
vapour lamp will reduce the risk of excessive 
heating of the negative. 

Printing from a negative which has been fixed, 
very rapidly rinsed and surface-dried, b best 
carried out by means of an enlarger. If absolute 
sharpness is not essential, a print may be made 
by contact. The sensitive paper should be 
protected against actual contact with the 
negative impregnated with hypo by the inter- 
position of a very thin sheet of celluloid of 
ample size, applied to the negative with a 
squeegee. On account of possible bad contact, 
diffused light should be avoided as far as possible. 
The image will be slightly sharper if the print 
is made at a long distance from a light as small 
as practicable, the frame and the lamp being 
kept perfectly still during the exposure. 

In the case of a negative whidi has not been 
fixed but development stopped by means of an 
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add bath,^ the sensitive paper may be applied 
directly to the negative by means of the squeegee 
(gelatine in contact with gelatine). The paper 
should be previously moistened with water and 
the exposure made in the usual manner after 
wiping the glass side of the negative, or after 
placing on a sheet of glass in the case of a film 
negative. It should be remembered that the 
sensitivity of the paper is somewhat less when 
wet. 

It has been suggested (A. Batley and B. 
Beilenson, 1941) that the surface of the paper 
should be coated with a varnish which is imper- 
meable to water but which will dissolve in 
the alkali of the developer. In this way the paper 
may be placed in direct contact with the wet, 
negative. 

697. Soaking before Development. The de- 

vel opment of prints on paper is considerably 
facilitated if they are wetted before development. 
This prevents the paper from curling in the 
developing solution, and also lessens the risk 
of air-bclls forming on the surface, a risk to 
which rough papers are specially liable. It is 
very easy to ascertain if air-bells have formed 
by examining the print close to the light, and, 
if any are seen, to ensure the uniform wetting 
of the surface by passing a brush or a tuft of 
cotton wool (thoroughly wetted) over the whole 
surface of the gelatine. The addition of a wetting 
agent to the water greatly increases the efficiency 
of this treatment. 

698. Development. A print on paper can be 
considered perfect only if development has been 
sufficiently prolonged to produce the strongest 
black (except, of course, in the case of warm- 
tone papers) which the paper in use can give, 
without, however, being carried to such a stage 
that the whites are degraded. When it is desired 
to utilize only a part of the scale of tones, e.g. 
from white to a medium grey, as in portraits of 
children, mist effects, etc., the paper should be 
selected and the exposure regulated so as to 
produce only a grey under the thinnest part of 
the negative. But development should be 
carried as far as in the case of a print having 
full blacks. It is only on this condition that the 
intermediate tones can be correctly rendered. 
A curtailed development produces, as a rule, 

\ In this case it is necessary to use an acid bath 
which will not liberate carbon dioxide from the car- 
bonate, otherwise there is a risk of poor contact from 
the air-bells formed by the liberation of the gas. A 
saturated solution of boric acid may be used (R. 
Namias, xgoS). 


only greenish or yeUowish images — very un- 
suitable for after-treatment — sulphide toning, 
bromoil, etc. A very short development will 
even produce an irregular image, certain parts 
being more fully developed than others. 

The image in reduced silver is black only when 
the size of the grains of silver is within certain 
limits. Very line grains, corresponding with the 
incomplete development of the grains of the 
silver halide, are yellowish and remain yellowish 
after sulphiding. Their colour can be improved 
only by intensification, producing an appreciable 
increase in their size. 

The speed of development of images on paper 
has often been attributed to the penetration 
of the developer through the paper base, but the 
penneability of the support plays no part. 
A paper of which the emulsion surface has been 
covered with a waterproof varnish shows no 
trace of the image after a time of immersion 
equal to the time of normal development 
(C. Emmermann, 1936). 

In order to ascertain the normal limits of the 
time of development of a certain sensitive paper 
in a given developer, used at a definite tempera- 
ture, it is necessary to find out what minimum 
time of development will produce the maximum 
black and at what stage of development the 
whites begin to veil or stain. These minimum 
and maximum times of development respec- 
tively are ascertained as follows (Dr. B. T. J. 
Glover, 1922). 

A strip of the paper to be tested is exposed 
uncovered in a printing frame, at a suitable 
distance from a source of light, e.g. for 2, 4, 
8, 16, and 32 seconds respectively, adjusting 
the exposure so as to produce the densest 
black possible. This strip should be developed 
for 2 minutes if it is a bromide paper, or 30 
seconds if gaslight, in each case using the de- 
veloper best suited to the paper. It should 
then be ascertained which of the exposures 
has produced the most intense black. 

If this exposure should be either the longest 
or the shortest of the times given it will be 
necessary to repeat the test after bringing the 
frame nearer to or moving it farther away from 
the source of light. Assume, for example, that 
8 seconds is the exposure which gives the densest 
black. A strip of paper about an inch or rather 
more in width should be exposed in a printing 
frame for the time determined, namely, 8 seconds, 
half of its width being covered with a length of 
black paper. This strip is then developed in a 
bath whose temperature has been noted, and 
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pieces about an inch long are cut or torn off 
at intervals, care being taken to mark on the 
back of each the time during which it was 
developed. These development times should 
form, preferably, a geometrical progre^on in a 
lesser ratio than that used for ascertaining the 
time of exposure. The following series of num- 
bers may be taken as an example of suitable 
times of development in seconds — 

25 35 50 70 100 140 200 280 

the first six being appropriate for gaslight papers 
and the last six for bromide paper, for the pur- 
pose of this experiment. 

After each piece has been developed for the 
given time, it is placed directly in an acid fixing 
bath, so as to allow the various pieces to be com- 
pared in a bright light. It will be found, in the 
case of bromide paper, that the black developed 
for say 100 seconds has less density than that de- 
velops for 140 seconds, but that there is no 
appreciable difference between the blacks de- 
veloped for 140 and 200 seconds. From this it 
follows that a time of development less than 140 
seconds leads to a poor black. Further, the half 
of each piece which has been protected from the 
action of the light should be perfectly clean on 
those pieces of which the time of development has 
not exceeded 200 seconds, though it may be grey 
and even stained yellow on the piece developed 
for 280 seconds. From this it follows that the time 
of development should be between 140 and 200, 
i.e. 170 seconds, or say 3 minutes. The times of de- 
velopment given as an example are, obviously, not 
those which would produce on all papers and at 
all temperatures the results expected. It may 
be necessary to repeat the test with smaller 
or higher numbers, but preferably following the 
same ratio of progression. 

If examined by strong light whilst in the 
fixing bath or during washing, prints appear to 
be less dense and more contrasty (especially on 
mat papers) than they do after drying; it is 
best to judge them in a weak light. 

Statistical experiments by C. M. Tuttle (1935) 
on a large numto of prints made from amateurs' 
negatives on different grades of paper and ^th 
times of exposure arranged in a close geometrical 
progression, have shown that (at any rate in 
the United States) professional printers tend to 
produce darker prints than the customer prefers. 

Ptecautions to be taken in placing prints in a 
processing bath are very siinilar to those already 
recommended for films (§ 462). In developing 
a number of prints together, they should be 


placed successively in the dish and after an equal 
time in the bath should be removed in the same 
order. The sheets of paper should be taken in the 
left hand, fanned out like playing cards and taken 
one by one in the right hand and slid into the 
solution. As soon as each sheet is immersed the 
fingers should be passed slowly over the surface 
of the paper to ensure removal of air bubbles. 
In the case of large prints a squeegee should be 
used. (See §649 for methods of treatment of 
prints of sizes greater than the largest dish 
available.) 

699. D^elopers for Positives. While the 
differences in colour of the silver reduced by 
various developers is of very limited importance 
in negatives, they assume considerable import- 
ance in the case of positive prints. A developer 
consisting of metol and hydroquinone yields, 
unless special addition agents are employed, 
principally warm-black tones; metol without 
hydroquinone, a more neutral black; while 
diamidophenol or amidol tend to produce 
bluish-blacks which are unsuited for cream- 
tinted or chamois paper. 

The formulae recommended by the different 
manufacturers considerably, even when 
intended for use with emulsions of the same type. 
Beginners will do well to follow the makers' 
instructions, but it may be stated that any 
developer suitable for one type of emulsion will 
develop quite satisfactorily all other emulsions 
of the same type. There is only one exception 
to this; plates or papers intended for yielding 
warm tones will often work more satisfactorily 
with one formula than with another. 

Potassium bromide, the use of which is 
optional in developers for negatives, is a neces- 
sary constituent of developers for positive images 
on plates, films, or papers. The proportion of 
bromide which is most suited to one emulsion 
is not always the best for another. It is, there- 
fore, best to make a few systematic trials to 
determine the most desirable proportion of 
bromide for a given paper. 

In an industrial concern, negative developers, 
which have been rejected on account of an ex-; 
cessive concentration of bromide, may be con- 
verted into positive developers ; the active con- 
stituents of the developer are estimated, the 
developer diluted to bring the most concentrated 
constituent down to the desired value, and the 
r^uisite amounts of the other chemicals 
di^lved in the developer to give the desired 
final composition (A. Haines, 1943). 

According to the papeTi and also according 
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to the developer employed, the quantity of 
bromide recommended by the different makers 
ranges from slightly less than o-2 g to 2-5 g per 
litre of working developer. A series of solutions 
may be prepared, containing in i litre — 

0*2 g, 0-5 g, I'o g, 1*5 g, and 2 5 g 
of potassium bromide. 

A small quantity of solution of each strength 
only need be prepared, and for facilitating the 
correct measuring of these small quantities of 
bromide, it may be used in the form of a i per 
cent solution. This may be measured from a 
dropping tube, after having ascertained how 
many drops represent, say, one millilitre. 

A strip of the paper to be tested should be 
exposed to light with black paper covering half 
its width, the other half being uncovered. The 
exposure should be sufficient for the most 
intense black that the paj)er will give on develop- 
ment. The strip should then be cut into five 
pieces, which should be marked on the back 
and developed, each in a solution with a different 
proportion of bromide. The time necessary for 
obtaining a dense black should be noted and 
the action of the developer allowed to continue 
until either staining or veiling appears. The 
smallest proportion of bromide which will allow 
a reasonable time to elapse between full develop- 
ment of the black and degradation of the whites 
may be regarded as the correct quantity for 
that paper. It will be necessary to fix the test- 
pieces, so that they may be examined in a good 
light and the quality of the black correctly 
judged. A greenish black indicates that the pro- 
portion of bromide has probably been too great. 

The presence of potassium iodide, even in 
very small amounts of the order of 0*05 per cent, 
in paper developers, considerably lowers the 
maximum density (P. Delmotte, 1943). 

700. Stopping Development with an Add 
Bath. On account of the great speed of develop- 
ment of positive papers, there is a risk of 
development continuing beyond the desired 
point, and even continuing irregularly, if the 
print be merely rinsed in plaun water between 
development and fixing. Omission of rinsing, 
i.e. the transfer of the print directly from the 
developer to an add fixing bath, is not to be 
recommended; the accumulation of developer 
in the fixing bath might soon discolour it to such 
a degree that the prints would become stained. 

Most frequently the action of the develops 
is stopped by immersing the prints in an add 
bath, where they can remain without detriment 


for some time. This avoids the necessity of 
having to handle the developer and the firag 
bath dternately ; in this case, omission to rinse 
the hands would involve a risk of staining the 
prints. 

This stop hath may be simply a weak solution 
of sodium bisulphite, or of any acid, or an 
addified solution of alum. This latter possesses 
the advantage of becoming turbid as soon as 
the acid is saturated by the successive quantities 
of developer carried into it by the prints, and 
thus affords an automatic indication that the 
bath must be either re-acidified or renewed. 

One litre of a bath acidified with 2 per cent 
acetic acid is generally sufficient for 45 sq ft of 
thin paper or 27 sq ft of card developed in a 
developer containing 3 per cent sodium carbon- 
ate. 

Some papers have a tendency to acquire a 
very slight greenish tint after treatment with 
chrome-alum; in that case, chrome-alum may 
be replaced by ordinary alum. The acetic add 
may also be replaced by any other add which 
is less costly, and, in particular, by a smaller 
quantity of hydrochloric add. 

Strong acids should not be used at greater 
concentration than i per cent; acetic add 
may be used at 2 per cent and boric acid or 
sodium bisulphate 5 per cent (E. Weyde, 1935). 

When the stop bath contains free acid, the 
fixing bath should contain sufficient neutral 
sulphite to prevent the formation of colloidal 
sulphur by the acid carried in by the prints. 

701. Handling of Positive Sensitive Papers in 
the Tropics. The precautions previously sug- 
gested for negative films and plates (§481) 
apply equally to papers. The preliminary soak- 
ing should be in a solution of sodium sulphate, 
or, if spirit is not costly, in wat^ to which about 
20 per cent of its volume of methylated spirit 
has been added ; and sodium sulphate should be 
added to the developer. In order to avoid 
use of liquid acids which involve difficulty in 
transport, or costly solid acids such as tartaric 
or citric, the stop bath may be acidified with 
either boric acid or sodium bisulphate. 

Bromide Papers 

702. Safelights. Bromide papers are of suffi- 
ciently low sensitivity to permit their manipu- 
lation in yellow, greenish-yellow, or orange 
light. The use of light is not only unneces- 
sary but distinctly undesirable, as it renders 
it very difficult to judge the contrast and quality 
of the image correctly during development. 
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With regard to the dioice of the methods of 
lighting, the testing of non-actinic screens, and 
their preparation, reference should be made to 
§§263-7, where these matters have already 
b^n desdt with. 

Paper should not become veiled after 3 minutes’ 
exposure to the safelight since this is slightly 
longer than the time for which paper is exposed 
during normal working. 

The methods of working described for papers 
apply equally to the same emulsions coated on 
opal gla^. 

703. Developers for Bromide Papers. The 

metol-hydroquinone developer recommended by 
the Association of French Manufacturers of 
Sensitized Materials (§ 466) and all other 
developers of similar composition are suitable 
for the development of silver bromide papers.^ 
At a temperature of about 65°F, the image 
appears in 20 to 30 seconds and development is 
complete in about 2 minutes. 

The following developer should not be pre- 
pared until required for use. It gives blue- 
black images and has the disadvantage of 
strongly staining the fingers and nails. At 65“F 
the image appears in 10 to 12 seconds and de- 
velopment is complete in about 2 minutes. 

Sodium sulphite, anhydrous • 23 g 

Diaminophenol hydrochloride (Amidol) 6 g 
Potassium bromide, 10 per cent .solu- 
tion . 5 ml 

Water to make 1000 ml 

All the quick-acting developers previou-sly 
given for the development of negatives, can be 
used for bromide papers, provided that the 
propention of bromide is suitably adjusted. 

704. Devetopment. Except in the case of 
machine development, development is usually 
controlled by inspection. A number of prints 
are immersed successively in a dish sufficiently 
large and with a quantity of developer which 
will allow of ready handling of the prints. As 
soon as several prints have ^n immersed, they 
should be kept in constant motion. The lowest 
should be brought to the top, each print in 
succession, untH, the image being corr^tly 
developed, the print is transferred to the acid 

bath. 

proportion as fresh prints are developed, 

1 The addition to the developer of an amount of 
desensitiaer insufficient to stain the paper base, will pre- 
vent any risk of oxidation fog and will frequently yield 
cleaner images (R. Mauge, 1923) especially when prints 
are subsequently toned. 


the developer becomes charged with increasing 
quantities of soluble bromide, and especially 
so as positive emulsions usually contain an 
excess of potassium bromide. Even if the tem- 
perature of the solution is constant, the speed 
of development falls off, and the colour of the 
prints tends to change progressively. The 
partially exhausted bath should, therefore, be 
replaced by a fresh bath from time to time, or, 
in an industrial concern, the bath should be 
kept at constant activity by the addition of a 
suitable replenisher, the formula of which may 
be determined experimentally (§§ 437-40). 

705. In developing large prints, when it is not 
possible to manipulate several at once, identical 
copies can be obtained only by developing 
each for a constant time and at a constant 
temperature in a fresh quantity of the same 
developer. The once-used developer may be 
kept for use later in processing small prints. 

Never attempt to develop a number of prints 
from the same negative, even in a relatively 
large volume of developer, if the temperature 
of the bath is not in equilibrium with that of 
the workroom, since progressive variation in 
temperature \rill cause irregularities in the 
prints obtained. 

In order to obtain prints as perfect as possible, 
a trial may be made on a strip of paper from the 
same batch, of sufficient size to cover a highlight 
and shadow of the picture. This procedure 
cannot be too strongly recommended to the 
beginner, since it enables corrections to be made 
which might otherwise entail spoiling a large 
number of whole sheets of paper. 

In order to ensure that prints from the same 
negative are as similar as possible, they should 
be developed together and for the same time. 

706. For developing the test-piece, the 
Watkins arithmetic^ coefficient or " factorial " 
method may be used with advantage (§381), 
but the “ factors ” would have to be determined 
experimentally for this special use. The fac- 
tors to be used may be taken as roughly about 
half those used for negatives with the same 
developer. 

For the two developers mentioned in § 703 the 
value of the Watkins “ factors ” for prints on 
bromide paper are respectively — 

Metol-hydroquinone developer • X 5 

Amidol developer . X xo 

(B. T. J. Glover, 1921.) 

The total time of the development of the 
test piece will be, under these conditions, 5 or 
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10 times the interval between pouring on the 
developer and the appearance of the first details ; 
and the time of development thus determined 
should be the same in all cases for the develop- 
ment of prints in the same developer. 

It may appear unsound, in principle, to use 
(for a print, to which a certain exposure has 
been given) a time of development based on 
the time of the appearance of the most fully 
exposed part of the test-piece or, most frequently, 
of a print exposed for a different time. Experi- 
ence shows, however, that the differences in 
the best times of development for the different 
parts of the test-piece are altogether negligible. 

707. Local Control of Development: Brush 
Development. A worker who combines the 
qualities of a skilful technician and capable' 
artist can produce excellent results by local 
development of bromide papers by means of a 
brush. But such methods are not in any way 
advisable for beginners. 

The developer to be used should have no 
tendency to give oxidation fog, which excludes 
all developers containing hydroquinone, or to 
produce coloured oxidation products, which 
excludes amidol; the glycin developer given 
in § 468 may be used if the bromide content 
is suitably adjusted. 

Two dishes should be provided, one containing 
diluted developer and the other plain water. ^ 
There should also be a sheet of glass larger than 
the print, placed level on the table ; a measure 
containing developer somewhat less diluted and 
thickened by the addition of glycerine, sugar or 
gum arabic; and several brushes of suitable 
sizes, according to the work in hand. 

The print should be immersed in the dilute 
developer and transferred to plain water as 
soon as the image is completely visible. After 
rinsing, it should be placed on the sheet of glass, 
face upwards. The parts of the image which it 
is desired to increase in density are painted over 
with the less dilute developer by means of a 
brush. The print should be frequently immersed 
in water to avoid the edges of tbis local develop- 
ment showing too evidently. From time to 
time the print is again immersed in the dilute 
developer, and possibly, development may be 
completed with the print on the glass plate ; any 
parts which are required to remain light are 

^ The method of development consisting in starting 
development in a strong bath, and then allowing It to 
continue in plain water in order to decrease exag- 
gerated contrasts (i 389), is applicable to most bromide 
papers. 

aS-(G.s6so) 


painted over with a weak solution of bisulphite 
which prevents their further development. 

It should be noted that since prints prepared 
in this way are not developed to the same, 
gamma all over, subsequent sulphide toning 
may produce a variation in tone which is not 
acceptable. 

The development of very large prints cart be 
carried out, in the absence of very large dishes, 
in the following manner. The print should be 
thoroughly wetted and laid on a flat support 
of suitable size, e.g. a bench covered with 
rubber sheeting. Developer, diluted with an 
equal volume of water, to render its action slower, 
should be quickly spread over its surface by 
means of a sponge or a large brush. 

Positive Transparencies (Black Tone) 

ON Plates and Films 

708. General Considerations. Transparency 
emulsions being distinctly faster than those 
for bromide papers, all manipulations should be 
carried out in either orange-red or green light. 
Conditions of development (composition and 
concentration of developer, degree of agitation, 
etc.) have a considerable eflect on the charac- 
teristic curve and particularly on the toe of 
the curve; the point where the straight-line 
portion of the curve commences may be dis- 
placed considerably and the length of this part of 
the curve may be shorter or longer thus affecting 
the tone-rendering. Analogous variations also 
occur in the shoulder of the curve, but this has 
little effect on the prints since the densities 
involved are usually greater than the highest 
densities used in practice. 

The maximum density of a transparency to 
be used for projection rarely exceeds 2-5. Thus 
the effective brightness range rtiay be d^ned as 
the difference of intensities which give respec- 
tively a density of 2-5 and the lowest density 
which can be distinguished from the bare glass. 
For the same plate or film this range decreases 
in proportion as it is developed to a higher 
gamma (L. Lobel, 1928), thus passing from about 
1,000 to 30 on ordinary transparency emulsions 
(the density range of the negative passing from 
3*2 to 1*5) and from about 13 to 3 (density ranges 
of the negatives i*2 and 0-5) on a high-contrast 
negative emulsion used as a transparency. 

The possibility of lowering contrast by means 
of an auxiliary uniform exposure is of little 
interest in the case of transparencies which are 
best developed separately, but is useful in 
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cinematography where all the scenes have to be 
developed under standard conditions (E. A. 
Weaver, 1925). 

When the negative possesses strong contrasts, 
or when development of the transparency is 
prolonged in order to obtain great contrast, 
It is b^t to guard against halation (§ 212) by 
applying to the back of the plate an anti-halo 
paste or adhesive (§§252 and 253). There is no 
need for this precaution, as a rule, when printing 
on films. 

In copying on plates, care should be taken 
to minimize faults due to poor contact, which 
may be caused by inevitable faults in the 
flatness of the glass ; the use of diffuse illumina- 
tion should be avoided for tliis reason. 

709. Excepting for the reproduction of dia- 
grams of Sawings in black-and-white, the 
whites of a subject should never be represented 
by bare glass, unless they represent a direct 
source of light or its reflection. 

On transparencies to be used as intermediate 
negatives for the production of duplicates, all 
densities should be on the straight-line portion 
of the characteristic curve, which means that the 
high-lights should have a density of about 0-5. 

The beginner will avoid spoiling a number of 
plates if he makes systematic tests to ascertain 
the correct exposure in the manner already 
described for prints on paper. These tests should 
be made on strips cut from a plate, or, in the 
absence of a diamond or other glass-cutter, on 
the smallest size of plate which can be obtained. 
These should have the same emulsion number, 
if possible. This determination of the time of 
exposure is specially necessary when printing 
eiuer from v^ thin or very vigorous negatives. 

The examination of the finished transparency 
should always be made under the normal condi- 
tions of its ifltimate presentation. Only by very 
long experience is it possible to judge, from the 
transparency held in the hand before a well- 
light^ white diffuser, the effect which it will 
produce when projected on the screen. 

7x0. Devetopment of Blade-tone Transparen- 
cies. The determination of the time development 
by the Watkins method (§ 381) is not applicable 
to transparencies for projection. It is, in fact, 
the li^t tones of the image which are the most 
impmtant; the time of the appearance of the 
shadows cannot be relied upon exdusively as a 
guide. The use of this method for the develop 
meat of prints on bromide paper (§706) is 
adnaissible only because the image of the light 
toncil possesses the strength desired at the same 


time as the shadows attain their maximum 
density, provided that a paper is used of which 
the gradation is suited to the contrast of the 
negative. This does not apply in the case of 
transparencies when the same emulsion may be 
used with negatives of very different character. 

Development must be judged by inspection 
(or in the case of machine development, by 
pre-determining the optimum development time 
in a developer which is maintained at constant 
activity) ; it is not necessary to examine the plate 
by transmitted light until the light details are 
visible by reflection. 

The quality of a lantern slide is best judged by 
projection. For a provisional examination it 
may be held at about 4 in. from an opal flashed 
glass uniformly lit by a lamp of about 60 watts. 

Most meth(^s of obtaining coloured images 
by toning also act as intensifiers. It is therefore 
necessary to curtail the development of trans- 
parencies which are to be toned; in order to 
obtain full details in the light tones under these 
conditions, a somewhat greater degree of ex- 
posure should be given. 

The equipment and methods of working are 
the same as those already described for negatives 
on plates or films. 

71 1. All developers which are used for the 
development of negative emulsions or bromide 
papers may be used for the development of 
transparencies if the concentration of bromide 
is suitably adjusted, but in practice only metol 
and hydroquinone developers are used. Develo- 
pers containing a high concentration of sulphite, 
should, however, be avoided, since these tend 
to promote the production of dichroic fog (§ 387) 
owing to the fact that the finer grains of sUver 
bromide are more easily soluble than the larger 
grains present in fast negative emulsions. 

The developer given below is an example of a 
developer used for cine-positive film and the 
replenisher solution (§438) which is used to 
maintain the developer at a constant activity 
(Agfa formula No. 20). 

Developer Replenisher 

Metol (EIod, Rhodol, etc.) 2 g 4 g 

Sodium sulphite, anhydrous . 25 g 25 g 

Hydroquinone 4 g xo g . 

Sc^um carbonate, anhydrous . i8‘5 g 43 g 

Potassium bromide . . 2 g — 

Water to make . 1000 ml 1000 ml 

In an installation using 1,000 litres of developer 
(tank and reservoir) the activity was kept con- 
stant for 2 months during which time 120,000 
metres of 35-mm film were developed by the 
addition of 1,050 lifres of repleiusher per zoo 
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metres of film processed. The positive film 
which was introduced dry into the developer, 
removed about 5 ml of developer per metre and 
a further volume of used developer was bled 
away to keep the level constant in the reservoir. 

712. Preparation of Duplicates. Duplicates 
or copy negatives are made from specially 
prepared transparencies and this operation has 
become of considerable importance in cinemato- 
graphy, release prints never being made from 
original negatives but always from duplicate 
negatives. A perfect duplicate should yield 
identical prints to those obtained from the 
original negative in the matter of tone render- 
ing, graininess, and resolving power. 

The first of these conditions is met by making • 
the intermediate transparency (or master posi- 
tive) on a sensitive material having a long 
straight-line portion to its characteristic curve. 
The exposure is adjusted so that the densities 
of the intermediate positive fall on the straight- 
line portion of the characteristic curve and this 
implies on the special motion picture films a 
minimum density of about 0-5. A transparency 
which is suitable for viewing and in which the 
high-lights are in the under-exposed region, 
gives unacceptable duplicates in which the half- 
tones are merged with the pure whites. 

The correct reproduction of sound on motion 
picture film imposes the condition that the 
negatives should be developed to a gamma of 
about 0*65 and the positives to a gamma of 
about 2*0, and it is logical to adopt the same 
values for both duplicate negatives and master 
positives. 

Special films for master positives were for- 
merly coated on a bluish-lavender coloured 
base in order to avoid confusion with ordinary 
positive film and in the language of the work- 
room these were often termed lavender prints.” 
However, the modem fine-grain duplicating mat- 
erials which give excellent quality duplicates, 
are as different in image colour to normal 
materials is to render the use of coloured bases 
obsolete. 

I'hese particular values of gamma are not 
essential in ordinary photography and it is 
thus possible to use normal positive materials, 
the matrix and duplicate bo& being devdoped 
to a gamma of x*o. In this way it is possible 
to avoid the use of sensitometiic methods. 

By superimposing on the negative a positive 
whidi has been copied from it (or vice versa) 
a umform density will be obtained if both 
have been devdoped to a gamma of x^o. The 
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effect of the copy predominates if it has been 
developed to a gamma greater than unity or of 
the original if it has been developed to a gamma 
of less than unity. The superposition of a nega- 
tive and a positive from another negative taken 
from the same position, the images being devel- 
oped to the same contrast, may be used to detect 
small differences in a complicated assembly of 
objects, the objects which have been displaced 
showing up as marks on the uniform density. 
(M. B. Hodgson and R. B. Wilsey, 1917). 

In order to avoid an increase in graininess 
in making successive copies, it is necessary to 
use films for both master and duplicate which 
have much finer grain than the original nega- 
tive. This condition is not, however, sufficient 
in' itself. The Eberhard effect (§ 397) which 
exaggerates the contrast between adjacent 
areas, of different density, tends to increase 
progressively the graininess of successive copies 
(Y. N. Burkin, 1939) if the developer is not 
vigorously agitated during each development. 

It is never possible to avoid a certain loss of 
resolving power due on one hand to irradiation, 
(§ 212) which can be reduced by a yellow dye 
in the emulsion layer, and on the other hand to 
faults in contact between the sensitive materials 
during cop3dng. Faults in contact may be 
reduced firstly by using almost point sources of 
illumination such as arcs between balls of 
tungsten (called Pointolite lamps) and secondly 
by using high pressure such as is afforded by 
the use of vacuum printing frames (§ 610). In 
the absence of such apparatus the makii^; of 
contact prints should be avoided, sharper 
results being obtained by using the negative or 
master as a transparency. Under these condi- 
tions, each reproduction tends to lower the con- 
trast due to internal reflections, the greatest 
effect being in the lower densities. 

When working with plates, precautions should 
taken at every stage of the operations to 
avoid halation. 

Experience has ^own that by making system- 
atic preliminary trials, or better still by sensito- 
metric control of the operations (L. Lobel and 
H. Sdmeeberge, 1925) it is possible to obtain 
duplicate negatives which are better suited 
than the original negative for the production 
of copies by a given procedure, since the density 
range of the duplicate may have any deshed 
value greater or less than the original negative. 

713. By making use of the properties of 
polamed light, it is possiUe to obtain a vigoriw 
medium negative directly from a weak negative 
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(§ 122). The silver of the image is converted 
to a colourless translucent salt, for example the 
ferrocyanide (§ 751) and illuminated by polarized 
light. The objective of the viewing apparatus 
or enlarger is furnished with a polarizer, the 
directions of the polarizing planes being crossed. 
The image then appears as contrasty positive, 
the light not diffused by the image being totally 
extinguished by the second polarizer. Only 
the light which has been depolarized by diffu- 
sion in the translucent substance can pass the 
latter so that the intensity is greater the 
greater the image density at the point considered. 
The contrast may be lowered at will by turning 
more or less one of the polarizers which is 
extinguishing the non-diffused light (C. H. 
Smith, 1041). 

Black-tone Chloride Papers 

714. General Recommendations. In well- 
equipped laboratories and particularly in pro- 
fessional or industrial laboratories, slow silver- 
chloride papers are handled in plenty of bright 
yellow light ; the rapid papers used for enlarge- 
ment and obtained by the incorporation of 
sensitizers whose action extends into the blue- 
violet (§218) can only be handled in orange 
light. 

One of the factors which have tended 
most to popularize the use of these papers 
among amateur photographers is the fact that 
they may be worked in safety without a dark- 
room. Any domestic room may be used simply 
by waiting until the evening and not working 
too near a light. An amateur can, therefore, 
make his photographic prints during the even- 
ing, in a sitting-room, in comfortable warmth, 
very different from the conditions in an impro- 
vised darkroom. For example, a screen may 
be placed near the table on which the printing 
frames are loaded and the exposed prints are 
developed, in such a manner cis to shield the 
table from the direct light from the lamp, all 
the manipulations being carried out by the light 
diffused from the ceding and walls. It is, 
however, far preferable to use yellow light, which 
allows a much stronger illumination without 
any risk of fogging. For this, a light wooden 
frame may be used, covered with a translucent 
yellow paper, and made in such a form that it 
will stand upright on the table. Half the tsd>l6 
can then bt used for exposing the prints, 
pcefdrably by means of a portable lamp, the 
other part bmg devoted to the working. The 


sensitive paper should be kept in a drawer in 
the table until required, so as to be protected 
from the general diffused light. 

715. Developers for Silver-chloride Papers. 
The ready solubility of silver chloride in sulphite 
solutions, which is favoured by its extremely 
fine state of sub-division, results on develop- 
ment in a developer rich in sulphite in the 
formation of a yellow or brown fog, which is of 
the same nature as dichroic fog (§ 387), Thus, 
although it is always possible to use a developer 
recommended for chloride papers with bromide 
papers, the inverse is not always true. Special 
developers for chloride papers often do not 
keep so well as negative developers. 

The presence of soluble bromide in the de- 
veloper is essential ; this bromide transforms part 
of the silver chloride of the emulsion into silver 
bromide and the bromide concentration pro- 
gressively decreases as the developer becomes 
charged with inactive chloride. In order to 
maintain constant activity in a developer for 
chloride papers, the replenisher solution must 
therefore contain bromide. 

The concentration of the developer should 
always be such that development is very rapid, 
because even in a developer of low sulphite con- 
tent and relatively high bromide content which 
depresses the solubility of silver chloride in the 
sulphite, a somewhat prolonged development 
always leads to the production of yellow fog. 

It has sometimes been recommended that 
soft or medium papers should be developed in a 
developer of less than half the concentration of 
that used for contrasty papers, the development 
time being doubled. This practice has neither 
advantage or disadvantage, but the developer 
should not be diluted for contrasty papers. 

The following metol-hydroquinone developer 
is well suited for these papers and may be 
easily prepared at double strength and diluted 
with an equal volume of water as required. In 


full well-stoppered bottles the concentrated 
solution will keep for more than 3 months. 

Metol . 2 g 

Sodium sulphite, anhydrous . 25 g 

Hydroquinone . 6 g 

Sodium carbonate, anhydrous 35 g 

Potassium bromide i g 

Water to make . zooo ml 

716. Production of Blue Tones. It has been 


stated many times since the introduction of hot 
glazing machines in developing and printing 
works, that blue-toned ima^s do not suffer 
the same loss of contrast generally obtained 
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with neutral black images. Many experimen- 
talists have studied this phenomenon since 1932 
in order to try and find the most practical and 
certain methods of obtaining blue tones, and 
it has become necessary to regard blue tones as a 
criterion of good quality prints. 

It has been shown that images in blue-black 
tones are formed by large silver grains, with a 
covering power a little less than the very small 
grains giving neutral images, but which do not, 
like the latter, tend to agglomerate in a mass 
when the damp image is warmed to a tempera- 
ture of about ioo°C. 

The formation of blue-black tones is favoured 
by a lowering of the bromide concentration, 
but this is not to be recommended since this 
increases the risk of obtaining yellow fog. Amidol 
developers (§469) give a slightly bluish image 
without the addition of any other agent. The 
blue tones which are desired may be obtained 
by the use of various addition agents, which 
may either be incorporated in the emulsion or 
anti-abrasion coating, or added to the developer. 
The action of these addition agents is impeded 
by the presence in the developer of hypo 
(thiosulphate). Some very complete studies of 
these addition agents have been published by 
G. Schwarz in 1936 and 1939. 

The compounds giving rise to blue tones, 
which are nearly all only slightly soluble, may 
be divided into three groups— 

1. Heterocyclic bases capable of forming 
complexes with silver halides : benzotriazole, 
6-nitrobenzimidazole and their salts used at 
concentrations from o-oi to 0-05 per cent, 
salts of quinoUne or quinone (quinoline 
itself, which is very efficacious at concen- 
trations less than 0-05 per cent, cannot be 
used because of its very disagreeable odour, 
but certain of its derivatives, especially the 
alkaline oxyquinoline sulphonates, are just 
as useful without giving this inconvenience). 

2. lodonium salts, for example the nitrate 
of diphenyl iodonium. 

3. Sulphur bodies, such as rhodamine and 
its derivatives. 

It should be noted that most of these com- 
pounds are also anti-fogging agents (§386); 
most of them are not normal commercial 
products. 

Blue-black tones may also be obtained either 
by an addition to the developer of from i to 
I'Sml per litre of a 5 per cent solution of 
potassium thiocyanate or by a very incomplete 


after- toning with gold (§ 742) or selenium (§ 743). 
Images treated in this way have the same 
stability on hot drying, as images directly 
developed to a blue-black tone (G, Schwarz, 
1932). 

717. Development. The development of silver 
chloride papers is too rapid to allow of the use of 
the Watkins method described for bromide 
papers. The instructions issued by the manufac- 
turers nearly always recommend a normal time 
of development and this should be followed. 
The time of development in the developer 
formulated above (§715) for most papers of 
this type should be between 20 and 40 seconds at 
65T or between 30 and 60 seconds at 55°F (B. T. 
J. Glover, 1924). Thirty seconds may be adopted 
as the standard time of development over this 
range of temperatures. The exposure time should 
be determined by means of strips as already 
described in § 694. 

A developer which is too warm usually gives 
a blue-black tone but with grey and yellow fog. 
A developei which is too cold will not give a 
vigorous image. 

A developer which has a low carbonate con- 
tent, or which is too dilute or exhausted, some- 
times gives dirty whites if the paper has not 
been stored in a dry atmosphere, a fact which 
may cause beginners to think that the paper has 
not been uniformly coated with emulsion. Old 
papers, (out of date) sometimes give fog in the 
margins, if developed in developer containing in- 
sufficient bromide. Because of the extremely 
rapid rate of development it is almost essential to 
use an acid stop bath in order to obtain consistent 
results; alternatively, the prints should be 
agitated vigorously during their first few seconds 
in the acid fixing bath. 

Warm-tone Transparencies 

718. General Considerations. Warm-tone lan- 
,tem plates are very thinly coated with an almost 
’transparent layer of very fine-grained silver 
bromide or chlorobromide emulsion (unripened), 
the grain size having as large an effect as the 
nature of sensitive halide. 

These emulsion, which are very slow, may be 
handled in a room well-illuminated with yellow 
light; but visual control of development is 
practically impossible since the image is hardly 
visible in this light. 

Wlien developed in a well bromided developer 
cemtaining a rilver halide solvent (sodium sul- 
phite, ammonium salts, etc.] they give a brightly 
coloured image of colloidal silver (yellow, red, 
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or violet according to the size of the ultra- 
microscopical particles) mixed in different 
proportions with the microscopical particles of 
reduced black silver. (Some black-tone emul- 
sions will also give warm tones when developed 
in developers with a strong content of ammonium 
salts but the tints obtained are never so clean.) 

During development, because of the pro- 
gressive increase in size of the reduced silver 
particles, the image passes through a series of 
colours, which when observed in a white light 
after fbdng, washii^, and drying, are as follows. 

Yellow, orange, brown, sepia, greenish- 
black, black. This colour series is independent 
of the exposure and light source. In any given 
developer (at the same temperature and con- 
centration) the same colours are always obtained 
on similar plates after the same times of develop- 
ment (A. Joderus, 1896). In developers which 
differ somewhat (due to variations in purity of 
the constituents, errors in weighing or dilution, 
or differences in temperature) the same coloui 
is always obtained at the ^int when equal 
gamma is reached (S. H. Wratten, 1910). It is 
only for convenience in working — ^i.e. for passing 
more or less rapidly from one colour to another — 
that it is recommended to use developers 
differently constituted, or differently diluted, 
for obtaining a given tone. However, when 
developing in a very dilute developer, on certain 
emulsions, it is not possible to obtain tones 
beyond red or brown however much development 
is prolonged, although the gamma continues to 
increase, but the colours obtained are brighter. 
(L. Lobd and M. Dubois, 1929). Violet is not 
idways obtained when developers are used 
which do not contain ammonia or ammonium 
salts. 

719. It will be seen from the fact that the 
colour depends essentially on the contrast of 
the developed image that negatives of different 
contrast are not equally suitable for obtaining 
images of a given colour. Assuming, as has 
alre^y been done for black-tone transparencies, 
that the density range should be limited to 2*5 
(§708), then it has been' found (L. Lobel and 
M. Dubois, 1929) that the intensity ranges wd 
corresponding negative density ranges, which 
will give the various colours on one particular 
make of warm-tone lantern plate, are as follows. 
The vsdues differ a little according to the make of 
plate but they always follow the same order. 

CahmtffkeimHf Rtd-brown Sefna GrtmUh^ Bitch 

Utek 

35:1 16:1 21*5: s 

x*4 i*a fi 


The maximum density of a violet-red image is 
always below 2*0 ; the intensity range is almost 
the same as for a red-brown image but contrast 
is considerably lower. 

Because of the differences between plates of 
different makes, one make may be more suitable 
than another if one wishes to obtain a given 
colour from a given negative. With another 
negative of different character the make rejected 
in the first case may be preferable. Although 
it is very unlikely, the photographer may not 
have any preference for a particular colour. In 
such cases warm-tone plates may be used with 
negatives of very different character by giving 
a suitable exposure in each case, or, when 
printing from a particular negative, a very 
great latitude in exposure may be allowed. It 
is very simple to obtain a result on these plates 
but it is not so easy for a beginner to obtain a 
perfect image in the desired colour. 

More varied and more transparent tones may 
be obtained with more speed and certainty 
by dyeing mordanted transparencies which have 
been developed to give a black image. 

720. Eaqmsure. The statement that the colour 
of the image is independent of the exposure, 
under given conditions of illumination, does not 
imply that the exposure should be the same 
whatever may be the colour desired. 

Under the conditions of development deter- 
mined upon, the density of a certain part of 
the image is greater in proportion as the ex- 
posure time has been greater. For a given 
degree of development, the image may not 
appear in those parts of the subject which form 
the densest parts of the negative unless the 
exposure has been greater than a certain mini- 
mum — a minimum which varies with the time 
of the development on account of the regression 
of the inertia (§393) in a developer rich in 
bromide, as is usi^ in developers for warm tones. 

The exp^ure must consequently be prolonged 
in proportion to the extent to which develop- 
ment is shortened for tones more dr less red, so 
that details in the lights may appear with suffi- 
cient stre^th before development is stopped. 

According to the plate u^, tiie time of ex- 
posure necessary for obtaining red tones will be 
from 10 to 20 times that which is necessary 
for black tones, the same illumination being used. 
It will easily be seen that since development is 
limited to a small fraction of each grain, this 
must be compensated for by an over-exposure 
which renders developable a much greater num- 
ber of grains. No general rule can be given, 
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and, for a first trial, it is best to follow the 
instructions given by the makers of the plates. 
These preliminary tests can be made on pieces 
cut from one of the plates, the determination 
of the time of exposure being carried out under 
the conditions already described (§694). The 
same test will furnish experimental proof of the 
fact that the colour of the image is independent 
of the time of exposure. The parts of the test 
piece, though exposed for different times, will 
all be identical in colour after development, 
and will differ from each other only in the density 
of the image and the rendering of the details in 
the lights. 

721. Warm-tone Development. It is almost 
impossible to judge the colour and the density, 
of the image properly in coloured light during 
development. A yellow light weakens con- 
siderably the contrasts of a sepia or red-chalk 
image, while a green light exaggerates them. 
In addition, both the colour and the density of 
an image change considerably on drying, as 
may be easily ascertained by examining a plate 
which is partially dry. An image which is pale 
yellow when wet can become an intense red- 
chalk after drying. These reversible variations 
are due to the increase in refractive power of 
the gelatine as it gradually dries (§ 650). 

Thus, for uniform results as regards colour, 
plates should always be developed in solutions 
identical in composition, and used at the same 
temperature and for the same time, or else the 
times of development should be worked out by 
the Watkins system. Although, as has been 
previously shown (§717), this method is in- 
applicable in the case of transparencies of black 
tone, for which development is done by judging 
the light tones, its use is perfectly sound in the 
case of plates of warm tones when a certain 
colour is desired since it has been shown that 
the colour of the image depends essentially on the 
value of the contrast factor. 

When transparencies are intended for projec- 
tion, it is well to suspend all judgment until they 
are seen on the screen. The appearance of the 
projected image is frequently very different 
from that which it presents when simply held 
up to the light. 

A transparency which is considered defective 
in colour may be improved by gold toning 
(§742). The tones tend to l>^ome purple, 
but the image loses nothing of its transparent 
quality. 

7^. A wide^ead belkf exists tiiat hydro- 
quthone is the . only developer whidi can be 


satisfactorily employed for warm tones. Many 
other developers give just as good results but 
the presence of metol or para-aminophenol in 
a developer, even in small quantities, often 
renders it difficult to obtain suitable warm 
tones. 

The best results are obtained by following 
the manufacturer’s instructions but formulae 
for developers are here given which are suitable 
for a large variety of commercial plates — 

Hydroquinone — 


Sodium sulphite, anhydrous 33 g 

Hydroquinone . . xo g 

Sodium carbonate, anhydrous 30 g 

Ammonium bromide . 2 g 

Potassium bromide . 3 g 

Water to make . . . 1000 ml 


Dilute with i to 10 times the volume of 
water, the greatest dilution being best for 
obtaining red tones. 

Glycin (Vannier, 1920)— 


Sodium sulphite, anhydrous . 50 g 

Sodium carbonate, anhydrous 40 g 
Glycin . . . 20 g 

Potassium bromide 15 g 

Water to make . . . 1000 ml 


For use, to be diluted from 5 to 20 times, 
according to the colour desired. 

Acid Amidol (G. Balagny, 1906) — 

Sodium sulphite, anhydrous . 5 g 

Amidol • 2'3 g 

Sodium bisulphite, lye (35 %} . 40 ml 

Ammonium bromide 3 g 

Water to make . . . 1000 ml 

Only sufficient for immediate use should be 
prepared. The action is very slow, and it is not 
necessary to dilute the solution for obtaining 
red tones. 

Warm-tone Chloro-bromide Papers 

723. General Considerations. Chloro-bromide 
papers which are low in chloride or bromide 
content behave respectively as bromide or 

chloride papers. It is only necessary to consider 
here chloro-bromide papers which are specially 
destined for the direct production of warm 
tones. 

The work-room may be illuminated with 
yellow light but this should be less bright than 
may be used for chloride papers. In order to 
control the results, it is necessary to examine 
the prinU by white light as soon as possible 
after fixation. It is therefore advantageous to 
be a^le to illuminate the dish directly by means 
of a bhii^ bulb (daylight lamp) or by a lamp 
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with bluish glass. Usually only the range of 
tones from neutral black passing through sepia to 
warm brown are required and it is not proposed 
to describe the methods of obtaining a range of 
colours similar to those described for warm- 
tone transparencies, especially since these tones 
may be obtained by toning. 

These papers are much used by portrait 
workers since they give images comparable 
in quality to those which may be obtained on 
chloride papers without requiring such intense 
illumination in the enlarger, and avoid the 
necessity of toning in order to obtain the warm 
tones which are so much appreciated for this 
type of work. 

The mechanism of obtaining warm tones has 
already been described for transparencies (§718) 
but since many of these papers contain a small 
proportion of large grains which develop to 
a black, they will only give degraded tones. 
Grains of a suitable size for giving warm tones 
are only produced by relatively slow develop- 
ment in a strongly bromided developer, although 
an excess of bromide should be avoided since 
this would retard development without having 
any useful effect. 

The visual contrast of a brown or sepia image 
is greater than that of a black image on the same 
paper and therefore requires a slightly softer 
negative. The sequence of intermediate tones 
is not the same on all papers; on some it is 
the same as for transparencies but on others 
the tones pass with increasing development 
through the range red-violet, brick-red, sepia, 
warm brown, warm black, blue-black. 

The warmest tones are again obtained by 
over-exposure and development to low gamma. 
If it is not essential to obtain a pre-determined 
image colour, these papers may be used for 
negatives of varying character or will allow con- 
siderable exposure latitude with a given negative. 

These papers are usually only supplied in 
one contrast grade. 

724. Methods of Working. When commenc- 
ing work with a paper of this type it is best to 
determine the optimum exposure by the step- 
we^e strip method (§694). each experimental 
strip being developed for a different time, for 
example using three or four times in an arith- 
metic series from 2 to 6 minutes (§ 381). A com- 
parison of the step-we^es after fixing, washing, 
and drying will at once ideate the best exposure 
and devdopment times to give various tones, 
from which may be chosen the one best suited 
for the subject and character of the negative. 


Although some papers for warm tones may 
only give the desir^ results when they are used 
with the developer specified by the manufac- 
turers, most will work perfectly with the follow- 
ing developer (B. T. J. Glover, 1924)— 
Metol-hydroquinone Developer Jor Warm Tones. 


Metol . 2 g 

Sodium sulphite, anhydrous 25 g 

Hydroquinone . 8 g 

Sodium carbonate, anhydrous 18 g 

Potassium bromide 2 g 

Water to make .... 1000 ml 


For use, this solution should be mixed with 
an equal volume of water. 

A warm black tone is obtained by developing 
for a total time, according to the particular 
paper in use, kunging from 4 to 6 times the time 
of the appearance of the first details of the 
image. A brown tone is obtained by developing 
for times ranging from zj to 4 times the time 
taken for the first appearance of the image. 
These times are best found by actual test of the 
material. 

The presence in the developer of energetic 
silver solvents (such as hypo or ammonia) or 
high bromide content, will correct the tendency 
for stale papers to give blacker tones than new 
papers (A. Steyman, 1939). 

Fixation, Intensification and 
Reduction of Positives 

725. Fixing and Hardening Papers. The 
chemistry and mechanism of fixation are the 
same as for negatives (§§487-91) with the 
peculiarity already referred to that the paper 
fibres and baryta coating irreversibly absorb 
a small amount of hypo and its complex silver 
salt (§ 507). The quantity thus retained, which 
escapes the washing process, is greater in pro- 
portion as the fixing bath is more acid, as the 
time the paper remains in the bath increases 
and as the fixing bath is more concentrated 
and contains more silver salts (E. Weyde, 1935). 
The amount of the adsorbed salts may 
decreased by immersing the rinsed prints from 
the fixing bath for about i minute in a i per 
cent solution (approx.) of sodium carbonate, the 
solution being renewed before it becomes 
neutralized by acid carried in from the acid 
fixing bath. Perfect stability of prints on paper 
can only be assured by treatment with hydrogen 
peroxide and ammonia (§ 513). 

726. The fi}^ of prints is preferably carried 
out in deep dishes containing fixing solution of 
a depth of at least 2 in. A ]^dle of hard wood 
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should be provided, of broad shape, and with 
the sharp edges rounded first with a rasp and 
then with glass-paper. The prints can then be 
completely immersed without having to put the 
fingers in the solution. 

Certain papers float on a solution which 
contains 25 per cent of hypo, an average strength 
for fixing baths for negatives. In such cases it 
is necessary to dilute the bath sufificiently to 
reduce its density until the prints tend to sink 
to the bottom of the dish. It is well known that 
silver images are reduced during fixing by the 
free access of atmospheric oxygen to their sur- 
faces (§489). Moreover, parts of the prints 
protruding from the solution may continue to 
develop, if they have not been through an acid 
bath between development and fixing ; or yellow 
staining of the same character as dichroic fog 
may result (§525). Similar defects may arise 
with prints fixed face downwards if air-bubbles 
have been imprisoned under them. 

Whenever possible, fixing should be done in 
two successive baths (§ 496). 

Prints should always be introduced into the 
bath singly, and moved every now and then, 
the lowest print being brought to the top, and 
so with all in succession. The prints should also 
be taken from the bath one by one to be trans- 
ferred either to the second fixing solution or to 
the first washing water. 

In commercial establishments dealing with 
large numbers of small prints, the prints are 
sometimes thrown on to an endless belt driven 
by a small electric motor, which conveys them 
under a series of water sprays before immersing 
them in the fixing bath. 

With, bromide papers, an increase of contrast 
is sometimes noticed when the prints are placed 
in the fixing bath, either neutral or acid. 

The time of fixation in a fresh bath of 20 per 
cent h5^o is from i to 2 minutes and prints should 
not be left longer than about 5 minutes ih each 
bath. In the case of warm-tone prints this time 
can with advantage be reduced. 

Fixing baths which have previously been used 
for negatives should not be used for papers 
since they will contain iodide which will greatly 
reduce the rate of fixation. 

Control of the degree of exhaustion of fixing 
baths, their regeneration and methods of silver 
recovery have been described in connexion with 
negative fixation (§§ 500-6). 

727. Suitable fixing bath formulae are given 
in §499; these may be diluted if necessary 
{§726). 


The gelatine is usually hardened sufficiently 
during manufacture to allow of drying or glaz- 
ing at a relatively high temperature. Those 
papers which do not carry a hardened emulsion 
or which one has reason to suppose will require 
hardening, may be fixed in a bath containing 
alum. They may also be hardened after wash- 
ing (and finally after toning) by treatment for 
5 to 10 minutes in the following bath — 


Sodium sulphite, anhydrous . g 

Glacial acetic acid . . . 5 g 

Potassium aluminium alum • 35 g 

Borax 7 5 g 

Water to make .... 1000 ml 


To prepare the bath, dissolve the chemicals 
separately in warm water and after cooling, 
ipix the solutions in the order given with 
continuous agitation. 

The use of chrome-alum baths should be 
avoided as these will irreversibly stain the 
gelatine green when it is hardened ; as already 
indicated formalin should also not be used. 

In fixing images on sensitized aluminium, if 
the surface of the aluminium has been protected 
by anodic oxidation, it is recommended that 
about 25 g per litre of ammonium nitrate be 
dissolved in the fixer; this will prevent the 
formation of black spots, which would otherwise 
be formed in a used fixer at the points where 
discontinuity of the anodizing occurs (C. H. 
Mitson and G. W. W. Stevens, 1942). 

728. Intensification. The intensification of a 
transparency, or a print on paper, allows of 
increasing the strength of a print when develop- 
ment has yielded insufficient contrast, or of 
remedying an unpleasant tone. 

If a print on an opaque support already 
contains black tones, intensification will cause 
a loss of details in the shadows, since these will 
be brought up to the same den'sity as the original 
blacks which cannot be intensified. 

Most of the toning processes described in the 
'succeeding paragraphs strengthen the image, 
and can be used for intensifying when a black 
tone is not essential. 

Among the various methods of intensific^ion 
described for negatives, the only one which is 
suitable for strengthening prints on paper or 
transparencies is the chromium intensifier (§ 550) . 
Immersing the bleached print for a few seconds 
in a solution of sodium carbonate, of about 5 
per cent strength, greatly facilitates the elimi- 
nation of the bichromate. Warm tones may be 
avoided on images intensified in this way, 
particidarly in the case of transparencies, by 
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an addition to the developer of one of the 
substances recommended for obtaining bluish 
tones (§417) for example 0 01 per cent of 
6-nitrobenzimidazole nitrate (H. A. Muller and 
J. I. Crabtree, 1943). The use of mer- 
cury intensihers should be especially avoided ; 
they spoil the transparency of the shadows, 
increase the graininess to a disagreeable degree, 
and do not give stable images. 

729. Reduction. The various reducers given 
for negatives (§§ 554-62) can be used equally 
for transparencies, under the same conditions 
and by obsertin^the same precautions. The 
results, however, are frequently very different 
because of the much smaller grain size involved. 
It is also practicable to reduce exaggerated con- 
trasts in a transparency by bleaching it in a 
mixture of potassium ferricyanide and sodium 
chloride (common salt) or potassium bromide. 
After washing, it should be exposed to light. 
The result is a brown image if chloride is used, or 
grey, if bromide is employed. After darkening, 
the excess of chloride or bromide may be removed 
by fixing. The image may also be treated in a 
mixture of ferricyanide and potassium iodide; 
the image, consisting of silver iodide, is insensi- 
tive to light, and is light yellow when seen by 
reflected fight and brown by transmitted light. 

A very complete study of the reduction of 
prints made on the different types of develop- 
ment papers has been carried out by L. A. Jones 
and C. £. Fawkes (1921). It contains a number 
of photometric measurements of prints before 
and after reduction, and shows that all reducers 
do not act in the same manner on the com- 
paratively coarse-grain images of bromide prints 
and on the flne-grain images of gaslight and 
chloro-bromide prints. 

An acidified solution of permanganate, which 
acts ds a surface reducer on negatives 
reduces proportionately all the densities on 
almost all papers, and therefore best compen- 
sates for over-development. It should be used 
at 10 times the dUution of that given in § 557, 
Before the final washing, prints should be 
decolorized in a dilute solution of sodium 
bisulphite. This reducer is also applicable to 
sulphided images. 

For reducing the light tones without pro- 
ducing any appreciable effect on the heavy 
deposits of the ima^. Farmer's reducer may be 
USM very dilute (§556), or, alternatively, a 
mixture of iodine and cyanide. The latter is 
preferable, as it leaves no trace after reduction, 
ferricyanide frequently leaves a yellow 


coloration which, however, will usually dis- 
appear in a few minutes in a new acid fixing bath. 

Formulae for these two reducers are here 
given. They are practically equivalent, and 
may be used with advantage for prints 
taken from negatives with insufficient contrast 
for the paper employed when the exposure has 
been chosen for obtaining the maximum 
black. Each of these reducers should be pre- 
pared in a small quantity only, and at the time of 
using ; their activity disappears in a few minutes. 

Farmer's Reducer — 

Hypo., 10% solution . 250 ml 

Pota.ssium ferricyanide, 1% solution 250 ml 
Water to make. . . 1000 ml 

Iodine and Cyanide Reducer — 

Iodine, I % solution . . 60 ml 

Sodium cyanide. 1% solution . 10 ml 
Water to make 1000 ml 

Cyanides are most violent poisons, even in 
very small quantities, and are supplied only for 
commercial use. 

Iodine is insoluble in water but dissolves very 
readily in concentrated solutions of potassium 
iodide. It forms a dark brown liquid which can 
be diluted as much as required. To prepare 
the iodine solution above mentioned 6 g of 
potassium iodide should be dissolved in about 
30 ml of water ; 3 g of iodine should be added 
and by shaking the solution from time to time 
the iodine will be completely dissolved in about 
an hour. Iodine being very volatile, the solution 
should not be heated. When it is completely 
dissolved, sufficient water is added to bring the 
total volume up to 300 ml. Iodine and its solu- 
tions will attack cork stoppers. 

One or other of these solutions is generally 
used for clearing the margins of prints whidi 
are slightly v^ed or defaced by stress or 
abrasion marks (§692); for the complete 
removal of an image which has been used as the 
basis of a line drawing in waterproof ink ; also 
for local reduction with a brush. 

Reduction with a brush is much more easily 
carried out with an alcoholic solution on the dry 
print. A mixture of equal parts of the following 
two solutions should be used (T. H. Greenall, 
1926), diluted, if required, with an equal 
(quantity of methylated spirit for working on 
light tones— 

Iodine flakes . 4 g 

Methylated spirit . . xoo ml 

Thiowbamide (thiourea) 8 g 

Water . . , . . • too ml 
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As soon as the image has been treated with a 
water-colour brush moistened with the reducer, 
a larger brush thoroughly saturated with 
methylated spirit is passed over it, and the 
spirit remaining on the print blotted off at once. 
This sequence of operations is repeated until the 
desired effect is obtained. When the reduction 
is completed, the print should be placed without 
intermediate rinsing in a fixing bath and then 
washed in the usual manner. Rinsing before 
fixing induces risk of staining by silver sulphide, 
on account of the decomposition in water of 
the complex formed by the thiocarbamide and 
the silver salt. 

The same result may be obtained more 
economically by means of a solution containing^ 
5 per cent of cupric chloride and i per cent hydro- 
chloric acid ; the image bleached in this solution 
is rinsed, fixed in a fresh bath, and washed. 

For reducing the deep shadows of a print 
without appreciably weakening the details in 
the light tones, the ammonium persulphate 
reducer should be employed (§560). To avoid 
the deepest shadows being reduced to such an 
extent that they possess less strength than the 
intermediate tones, it is necessary, with some 
very fine-grain papers, to add a small quantity 
of a chloride to this reducer. Only the quantity 
required for immediate use should be prepared. 

Persulphate Reducer for Prints on Development 
Papers — 

Ammonium persulphate 23 g 

Sulphuric acid, 1% solution . 30 ml 

Sodium chloride (common salt), 

1% solution . . 25 ml 

Water, to make . . 1000 ml 

Tone Control and the Production 
OF Special Effects 

730. Compression of Intermediate Tone Values. 
One of the essential criteria of the artistiq 
perfection of a print is that the high-lights and 
shadows must agree with those seen when 
looking at the original subject, the intermediate 
tones being of secondary importance. A com- 
parison of photometric measurements on some 
engravings of the Chalcographie du Louvre" 
and on photographs of the corresponding pic- 
tures has lead F. G. Maurer (1923) to conclude 
that the normal reproduction curve in mono- 
chrome photography should have a horizontal 
or very slightly rising portion in the middle 
regions whilst the slope at the extremities of 
the curve should be m the. neighbourhood of 
unity. The masterpieces of Rembrandt are 


cited as examples showing the importance 
accorded by the artist to the high-lights and 
shadows, to the detriment of the middle tones. 

Many photographs have been made in the 
past which have conformed more or less in- 
tuitively with this rule for the reproduction of 
subjects of high brightness range, for example, 
by combination of two negatives, one exposed 
to give the best reproduction of the high-lights 
and the other exposed for the shadows. Another 
method involves the superimposition of two 
positive images printed from the same negative 
which has very different extreme densities, 
one of the copies giving a correct representation 
of the high-lights and the other of the shadows. 

By a suitable choice of the two exposures 
such combinations of positive images have 
been used very profitably in the pigment 
processes such as gum bichromate or bromoil 
transfer, which lend themselves to the creation 
or the transfer of a number of images on to the 
same support. 

A method patented by A. Person in 1930 was 
unnoticed at that time, but an exhibition of 
prints made by the method was organized 
successively in different countries (1935-fi) in 
order to obtain publicity. This brought it to 
the attention of the public and caused a number 
of variations to be suggested which gave results 
very little different from the original method. 

731. The Person process consists in making 
a negative with a density range so great that it 
is not possible to print it even on the softest 
paper available. From this an over-exposed 
positive transparency is made which gives a 
complete record of the high-lights, then from this 
a duplicate negative is made, giving a short 
exposure on a very contrasty emulsion. The 
final print is then made by cqntact or enlarge- 
ment, partly from the original negative and 
partly from the duplicate negative. 

• The results of sensitometric tests on this 
method (H. G. Wandelt, 1936) are shown in 
Fig. 41.5 : the abscissae represent the densities 
of the sensitometer screen (or step wedge) 
which corresponds with the original negative 
(densities from 0. to 2*4) and the ordinates the 
densities of the paper copy. Curve A represents 
a copy obtained from the duplicate negative for 
modelling the high-lights and the curves BB' 
copies obtained from the original negative 
usmg two different exposures (^eater for B 
than for B'). 'Hiecurve^Cin which each of the 
ordinates is the sum of the ordinates of curves 
A and B represents the print which would be 
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obtained by exposing successively under the two 
negatives and which separately would have given 
prints A and B. Similarly curve AC' represents 
the print which would be obtained by a com- 
bination of the partial exposures A and B'. 

It will be seen that in the example chosen, 
all negative densities between 1-3 and i-o 
(curve AC) or between 1*3 and 07 (curve 



Fig. 41.5. Characteristic Curve of Print 
WITH Compressed Half-tones 


AC') are represented by the same density 0-5 
on the print. The print represented by curve 
AC' has no blacks, whereas that represented 
by curve has maximum blacks for aU 
negative values between 0 and 0 2. The per- 
fect print would have been obtained by using 
an intermediate exposure time when copying 
from the original negative. 

The Person j^ocess, in common with other 
proc^ures which will be described later, 
require a very precise control of the various 
operations involved and it cannot be too strongly 
recommended that a step-wedge be attached to 
the original negative, which will be reproduced 
on the duplicate negative and on the print, 
outride the useful margin. It will also be found 
useful if register marks consisting of two fine 
lines at right angles, are made in the margin 
of the negative at the ends of a diagonal. These 
should be reproduced on the intermediate posi- 
tive and duplicate negative and will be found 
very useful in registering the successive expo- 
sures when making prints. 

Among the variants of this process which liave 
been propos^, the inverse method employs a 
very soft original negative, which thus has a 
low graininess, for obtaining the shadows. From 
this is a copy x^ative of high contrast 
for dbtrining the h^h-lights (W. Anderau, 1936). 

Sensiti^ coati^ which give a step]^ 
chaiactoistic curve, the tangent to the curve 


at the point of inflexion being only slightly 
inclined from the horizontal, have been proposed. 
These may be prepared by mixing or superim- 
posing a slow high-contrast emulsion and a 
more rapid emulsion which rapidly reaches its 
maximum density and does not show inversion 
except by considerable over-exposure. Such 
materials have been suggested by G. Cordonnier 
(1936) and later prepared experimentally by 
W. Schwerzer (1943) and used successfully in 
the preparation of duplicate negatives. These 
plates need a very precise determination of 
exposure time and are therefore not very suitable 
for direct photography. 

732. Compression of Middle Tones by *‘Har- 
monization*’ of the Print. Results very compar- 
able to those which may be obtained by the 
methods described above, may be obtained more 
simply, but perhaps less reproducibly on several 
prints from the same negative, by a method due 
to H. Zickendraht (1938-9). The print is placed 
in a bleaching bath (§ 737) until the silver 
is converted into bromide or chloride to a depth 
about two-thirds the thickness of the emulsion 
coating. The silver salt is then surface developed 
or sulphided and the remaining middle layer of 
silver halide dissolved out. The author has been 
able to obtain some remarkable results by this 
method ; control of the treatments is much easier 
on plates or films, since the penetration of the 
various baths may be more easily followed by 
observing through the base a step-wedge printed 
on one of the margins, especially if the extreme 
densities occurring in the image are marked 
and the interval between them divided into 
three equal parts on the wedge. 

The rate of penetration of the baths may be 
slowed up by the addition of alcohols, high 
concentrations of neutral salt (sodium sulphate) 
or thickeners. It is preferable to use for the 
treatments baths whose rates of reaction are 
greater than their rate of penetration into 
gelatine. The best results have been obtained 
by bleaching in a solution containing i per cent 
of ferricyanide and i per cent potassium bromide 
and, after washing, blackening by sulphiding 
in a solution containing 2 per cent of sodium 
monosulphide. The image obtained has a 
double tone, the high-lights having a warmer 
tint than the shadows. This effect is sometimes 
agreeable but if it is not, then after removal 
of the remaining silver halide and washing, 
the silver which was unaffected by the first 
treatment should be bleached and sulphided 
in the same manner. 
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733 * “Stylization” of Images Iqr Substitution 
of Continuoiis Tone by a LimiM Number of 
Flat Tints. A method has been described by 
W. Romer (1932) under the name “isohelie" 
in which the continuous grey tones are replaced 
by a limited number of uniform densities, for 
example white, two greys, and a black, limited 
to curves of equal density on the negative corres- 
ponding to 80 per cent, 50 per cent, and 20 per 
cent of the maximum brightness of the subject. 
This result is obtained indirectly, by making 
intermediate copies on high-contrast sensitive 
materials, first positive transparencies with 
exposure times conveniently spaced and de- 
veloped to maximum density, then negatives 
on thin film which may be placed in register 
to form the hnal negative. The individual 
components of the hnal negative should show 
only two densities and the maximum density 
should be the same for each and should not be 
greater than 0*3 to 0*4, in order that prints may 
be made from the composite negative. 

If the intermediate positives show half-tones 
they should be weakened or suppressed by 
superheial reduction followed by a strong intensi- 
fication. 

734. ^ ‘Stylization” of Images by Means of a 
Black Border. To weaken the photographic 
character of portraits or personal studies, Man 
Ray (1933) has described a method which he 
incorrectly referred to as ” solarization " but 
which makes use of the Sabattier effect (§ 209). 
A paper negative of good contrast prepared from 
a positive print or by enlargment from a trans- 
parency is developed as usual, development being 
stopped before fog appears in the unexposed 
parts. Surplus developer is then removed by 
swabbing, the paper exposed to white light 
and the reversed image allowed to develop in 
the small amount of developer remaining in 
the emulsion layer. The paper negative is then 
fixed and finished in the normal manner. 
Prints made from such a negative are not very 
different from the original but the principal con- 
tours are surrounded by a strong dark grey 
line. Fig. 41 ‘6 is a reproduction of a photo- 
graph obtained in this way. 

Toning and Tinting of Transparencies 
AND Prints 

735 * Introduction. Whatever may be the 
method of toning selected, success will be 
obtained only if all the previous operations have 
been earned out with the utmost care. It is 
essential that plates, films, and paper prints 


should have been fixed in two baths and washed 
very thoroughly. 

Methods of toning vary as regards the degree 
of success with which they may be used with 
images in which the silver exists in grains very 
different in size: certain methods of sulphide 
toning are only applicable to chlonde papers, 
whilst others are moie suitable for use with 



Fig, 41.6.'* Stylized Print 


bromide papers where the grain size is much 
less fine. Various conditions in working, such 
as the composition of the developer, more or 
less prolonged development, etc., can exercise 
a marked effect on the final colour of the toned 
image. 

The fact that the silver image is converted 
into one consisting of a different substance 
involves necessarily a variation in the value 
of the different densities. In most cases toning 
is an intensification process; in a few rare 
instances it occasions a slight reduction. 

While a very slight grey deposit is generally 
passed unnoti<^, a coloured tone of correspond- 
ing depth is almost always glaring. It follows 
that images to be toned should have perfectly 
clean whites. As a precautionary measure, 
prints intended for toning may be cleared in 
the hypo and ferricyanide reducer, used very 
dilute, and preferably in alkaline solution. 

The reagents used in certain toning processes 
are retained very tenaciously by the paper 
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itself or by the substratum. Special precautions 
are therefore necessary for toning prints on 
paper which do not apply when toning images 
on an inert support. 

Toning processes are almost infinite in num- 
ber, though many of them have lost their 
interest through the introduction of new 
methods, which consist in converting the silver 
image into a mordant capable of fixing very 
various dyes. This method allows the choice 
at will of any desired colour under the most 
economical conditions, without any variation 
in working other than the choice of a dye, or a 
mixture of dyes, of a suitable shade. 

All toning baths attack all metals as they 
attack silver. Metal containers or accessories, 
even enamelled or varnished, cannot be used 
for these operations. 

Before entering upon a description of the 
principal methods of toning, it is desirable to 
emphasize, as strongly as possible, the discretion 
which should be exercised in the production of 
prints in bright colours (§ 597). 

736. Sulpl^ Toning: Ge^al Considerations. 
Silver sulphide (AgjS) which, in the mass is 
black, assumes various colours, from yellowish- 
brown to purplish-brown, when finely divided. 
Silver sulphide is extremely stable and is 
unaffected by atmospheric conditions. When 
sulphiding the silver image obtained by develop- 
ment, it is desirable to obtain a sepia-brown or 
warm brown colour, more transparent in the 
shadows than the original black silver image, 
and avoiding the yellow-brown “mustard" tone 
at one extreme and the purple at the other. 
Yellowish tones are produced by conditions 
which tend to give very fine grain, for example 
chloride or chloro-bromide papers which are 
over-exposed and under-developed, or have 
been reduced, whereas purple-brown tones are 
produced by conditions giving relatively large 
grains, for example bromide papers or forced 
development of under-exposed prints. 

Prints developed in metol-hydroquinone are 
often more yellow after toning than those 
developed in amidol. 

The conversion of the silver into silver sul- 
phide can be effected by direct combination of 
the silver and sulphur, the latter being obtained 
from a colloidal solution in which the particles 
are extraordinarily fine, as, for example, in a 
warm solution containing sodium thiosulphate 
(hypo) and alum (L. Baekeland, 1888), or an 
add (Lumid'e and ^ewetz, 1912). A weak 
solatia of polysulphide may al^ he used for 


the direct sulphuration of the silver, as purchased 
(J. Desalme, 1913), or prepared at the time of 
use by the addition of an oxidizing agent to a 
solution of monosulphide (Kropf, 1910). 

Sulphiding can also be effected indirectly, 
the silver being first converted into a salt such 
as chloride or bromide — bleaching of the image 
— ^which, by means of a second operation, is 
converted into silver sulphide by means of a 
solution of sulphide (Blake Smith, 1902), of a 
sulphiding mixture, or even, sometimes, by 
means of gaseous hydrogen sulphide. 

Except when using odourless sulphiding mix- 
tures (§ 738), sulphiding must always be carried 
out at a sufficient distance from all stocks 
of sensitive photographic materials, and from 
rooms in which they are handled in their original 
condition, in order to avoid the intense fog 
which is always caused by the action of traces of 
hydrogen sulphide on photographic emulsions. 

The indirect process of sulphiding^ is the 
method which, almost always, is the best for 
lantern plates and prints on bromide papers. 
Direct sdphiding is most suitable for the fine- 
grain images on chloride or chloro-bromide 
papers, although there is no hard and fast rule. 

Nevertheless, compensation is thus obtained 
for the tendency of indirect toning to pve more 
yellow tones and for the tendency of rapid 
emulsions to yield purple tones, and inversely. 

Direct sulphiding often produces no apparent 
effect on bromide papers but the fact that a 
reaction has taken place may be shown by 
treating with a reducing agent, which will 
dissolve the unattached silver and leave a 
warm-toned image. 

Transparencies for sulphide toning ought to 
be kept rather thin, no appreciable effect being 
apparent in a very dense transparency seen by 
transmitted light. 

737. Bleadi^ for Sulphide Toning. Most fre- 
quently the silver forming the im^ge is con- 
verted into silver bromide by immersion in a 
solution containing ferricyanide and potassium 
bromide. The ferrocyanide, produced in the 
absence of a soluble bromide, is only formed 
very slowly. The equation of the reaction 

2Ag 4 Fe,(CN)„K« 4 - 2KBr 

= 2AgBr 4- 2Fe(CN)eK4 

renders it easy to calculate the proportions of 
ferricyanide and bromide corresponding to 

> Toning with two baths often gives less wann tones 
on mat papers, than on glossy ones of the same brand 
treated m identical conmtions. 



PAPERS. PLATES, AND FILMS FOR POSITIVE PRINTS 429 


their simultaneous exhaustion in the bath — 659 
and 238, approximately 30 and ii. It is neces- 
sary to increase very slightly the amount of 
bromide calculated by this formula so as to 
ensure a constant excess of this salt. A used 
bath may be regenerated by the addition of 
bromide and a bichromate which will re-oxidize 
the ferrocyanide to the state of ferricyanide. 

It should be noted that the ferricyanide of the 
bleaching bath will form, in combination with 
the hypo from an imperfectly washed print, 
the Farmer reducer, and generate a more 
or less uniform reducing action on the print. 
This bath should be made alkaline by the addi- 
tion of a little ammonia or, better still, sodium 
carbonate, in order to pi event the formation, 
of blue fog or spots due to slow decomposition 
of ferricyanide acid absorbed by the gelatine. 
This will also considerably accelerate the wash- 
ing of the bleached prints and thus avoid 
reduction of the images with formation of 
yellowish tones which result when badly washed 
prints (containing more ferricyanide which will 
tend to convert monosulphide into polysulphide 
which is slower and more superficial in its action) 
are treated in a sulphide bath which is partially 
oxidized to thiosulphate (hyjx)) (E. E. Jelley, 
1932). The following bath, which is perfectly 
stable and may be used till exhausted, is given 
as an example — 

Potassium ferricyanide 30 g 

Potassium bromide . 12 g 

Sodium carbonate, anhydrous 15 g 
Water to make . 1000 ml 

Sepia tones are obtained most easily from iodized 
images, a suitable iodizing bath containing 30 g 
of ferricyanide, 10 g potassium iodide, and 20 ml 
of ammonia, per litre of solution. 

The silver may also be converted into chloride 
by using a solution of permanganate and a 
chloride, suitably acidified, the final colour of 
the image then tenchng to become purple. 

This solution may used for the conversion 
of a sulphided image into chloride, if the colour 
is not pleasing, or for treating an old print 
partially sulphurized by atmospheric impurities. 
If the whites should be s%huy tinted by the 
action of this hath, the staining may be entirely 
removed, after rinsing the print, in a very 
weak solution of sodium bisulj^te. 

The use of metallic salts, such as cupric chloride 
or mercuric chloride, in bleadimg solutions for 
toning, is to be studiously avoids. They form 
a salt, cuprous or mercurous, which intensifies 


the image and destroys the transparency of the 
deposit. 

Prints bleached directly they are taken from 
the w^hing water after fixing tend more towards 
purplish tones than dried prints. The tone of 
prints which have been dried is not modified 
by a preliminary soaking before bleaching. 
It has been pointed out many times that immers- 
ing a print in the sulphide solution, followed at 
once by bleaching without intermediate rinsing, 
gives tones intermediate between those produced 
by direct sulphiding and indirect sulphiding. 
The time of immersion in the bleaching bath, 
after the complete conversion of the initial 
black silver into the white halide salt, has no 
effect on the final tone of the image. Incom- 
plete bleaching of a print in a very dilute 
solution allows effects of double toning to be 
obtained, the light tones being formed entirely 
of sulphide of silver and the shadows of a mixture 
of brown silver sulphide and black silver. 
Other effects can also be obtained, after fully 
bleaching and washing, by partial re-develop- 
ment in a very dilute developer for warm tones, 
in full white light, or, by exposing the wet print 
to a strong light until the image has become 
visible by direct darkening. After sulphiding, 
the print will be uniform in colour, formed 
partly by the silver image and partly by silver 
sulphide. The temperature of the bath also 
has no effect on the tone produced. If the bro- 
miding bath given above is used, variations in 
strength due to its gradual exhaustion have no 
influence on the final colour. The final colour, 
after toning, however, tends towards yellowness 
if the washing after bleaching is prolonged. A 
very short washing after bleaching is sufficient, 
none of the constituents of the bleaching solution 
having any influence on the sulphiding. The 
action of light on the print between bleaching 
and sulphiding does not in any way influence the 
final result provided no visible image is produced. 

Bleached prints should be washed for about 
10 minutes before being placed in the sulphide 
solution. 

In the course of a very thorough study of 
the influence of different working conditions on 
the final colour of the prints toned by this 
process, £. R. Bullock (1921) has ascertained 
that when a print, bleached in either a neutral 
or add bath, is placed, before sulphiding, in a 
solution of sodium carbonate, the final colour 
of the imageis distinctly modified. Animmersion 
of about 10 minutes in a solution of about 0*5 per 
cent strength of anhydrous sodium carbonate 
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gives tones slightly more purple, the effect 
being more marked with chloride prints than 
with bromide. A more concentrated solution is 
less effective. A few preliminary tests will 
readily show the best strength of solution for a 
particular paper and given working conditions. 

738. Sulfdiidiiig the Bleached Image. Sul- 
phiding is generally done by means of a solution 
of sodium monosulphide. 

Sodium monosulphide, or neutral sodium 
sulphide, Na^.9H20, occurs in the form of 
deliquescent crystals, which should be free from 
discoloration if chemically pure, but which are 
generally amber-coloured or even a dull green 
or black on account of the presence of iron 
sulphide in a state of very fine division. Sodium 
monosulphide emits an odour similar to rotten 
eggs, characteristic of hydrogen sulphide gas. 
On exposure to the air it is converted slowly into 
caustic soda, thiosulphate, and polysulphides — 
sulphides containing a larger proportion of 
sulphur. It must be kept in glass jars, hermeti- 
cally sealed. It may be kept with advantage 
under a film of benzene or mineral spirit, which 
prevents it from absorbing moisture from the 
air and becoming decomposed. Sodium mono- 
sulphide is very soluble in water, especially hot 
water. Solutions of a strength of at least 20 
per cent keep quite well : very weak solutions 
change rapidly, forming principally thiosulphate 
which would dissolve the whole or part of the im- 
age instead of sulphiding it. Solutions of sodium 
monosulphide have, although less strongly 
marked, the caustic properties of solutions of 
sodium carbonate. Concentrated solutions cause 
the skin to swell, and disintegrate gelatine. To 
obtain a clear and almost colourless solution 
from the ordinary samples of monosulphide, 
the salt should be dissolved in a small quantity 
of water, and the solution then brought to 
boiling point and kept there for about 10 min- 
utes. On cooling, the iron sulphide coagulated 
by boiling settles to the bottom of the bottle, 
and the supernatant clear liquid can then be 
decanted. In this manner a solution of a 
strength of 50 per cent can be prepared, which 
can be diluted when required for use. Sodium 
sulphide frequently blackens enamelled articles 
(lead enamels), dishes, sinks, saucepans, baths, 
etc. ; concentrated solutions cannot be filtered 
through paper, owing to their action on the 
filter paper. The liberation of hydrogen sulphide 
due to the hydrol3rsis of these solutions can 
diminished by uang glycerine or glycol for 
their dilution. 


The solution is usually used at a strength of 
0-5 or I per cent (prepared at the time of use by 
diluting a concentrated stock solution), which is 
thrown away immediately after using. The 
image is completely converted into sulphide in 
about one minute. 

The use of more concentrated solutions 
frequently imparts a yellowish tint to the 
gelatine and paper, which may be removed, 
after rinsing, by immersion in an acid batli 
(i per cent hydrochloric acid). 

The use of very weak solutions, or solutions 
containing an appreciable proportion of thio- 
sulphate and polysulphides formed by oxidation, 
tends towards the production of yellower tones 
than those by the normal treatment. The use 
of a polysulphide, e.g. liver of sulphur, in place 
of the monosulphide likewise produces tones 
more yellow than the normal colour. The 
silver sulphide of images sulphided by a poly- 
sulphide is not pure sulphide of silver. The dis- 
agreeable yellow tones thus obtained are much 
improved by immersion in a dilute solution of 
silver nitrate which would have no action on 
normal silver sulphide. After this treatment 
of all images sulphided to a yellow tone, the 
prints must be rinsed, placed in a fresh fixing 
bath, and washed again (K. C. I). Hickman and 
W. Weyerts, 1933). 

The essential condition for obtaining pure 
whites is that the gelatine should be perfectly 
free from every trace of a residual silver salt 
arising from imperfect fixing. To ensure this 
condition, the fi^g must have been done in a 
20 per cent solution of hypo containing not more 
than 2 g per litre of silver bromide (Lumiere and 
Seyewetz, 1923). 

It has been proposed to replace the sodium 
monosulphide by compound sulphides which 
would deposit another sulphide on the brown 
image. For example, sodium sulphoantimonate 
(ScMippe’s salt) deposits on the silver sulphide 
formed a little orange-red antimony sulphide 
(Carey-Lea, 1865). The resulting image is of 
red-chalk colour^ but with an entire loss of 
transparency and frequently with the whites 
more or less tinted. 

The surest means for avoiding any smell (and 
the fogging due to hydrogen sulphide is to 
carry out the sulphiding of the in^e with a 
solution containing both thiourea and an 
alkali. The latter transforms into sulphide of 
silver the insoluble compound which has first 
formed between the silver halide and the thio- 
urea. (I.-G* Farbenindustrie, 1931). The use of 
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seleno-urea will give similar results under the 
conditions required for selenium toning. 

The solution may be made alkaline by the 
addition of caustic soda or sodium carbonate. 
In the first case an excess of thiourea tends to 
give a yellowish tone and an excess of caustic 
soda a violet tone. When carbonate is used, 
the reverse occurs and excess of alkali tends to 
give yellowish tones (A. Seyewetz, 1934). A 
solution of I per cent Sodium carbonate, with an 
addition of 5 ml per litre of 2 per cent thiourea, 
may be used. This mixture, which is very stable, 
may be used until it is exhausted. Sulphiding 
is complete in about 4 minutes. An ammoniacal 
solution of thiourea may be used for direct 
sulphiding of reduced silver, but the reaction 
is very slow unless the silver is in a very finely 
divided state. 

739. Direct Sulphiding. Single-bath sulphide 
toning is sometimes carried out using a 10 per 
cent solution (approx.) of liver of sulphur. 
Liver of surphur or Bareges salt is a yellowish- 
brown substance, often covered with a ^eenish- 
grey crust formed by oxidation. Besides the 
polysulphides of sodium (trisulphide and penta- 
sulphide) it contains sodium carbonate, sodium 
thiosulphate, and sodium sulphate. It swells 
in moist air with evolution of hydrogen sulphide 
and will split a glass or stone- ware jar. For this 
reason it is often supplied and stored in a metal 
container. It is very soluble in water and the 
solution which is reddish-brown in colour is 
stable if the concentration is at least 20 per cent. 
Decomposition takes place rapidly at low 
concentration. 

The toning process using liver of sulphur 
solution is very slow and it is impossible to stop 
the toning at an intermediate tint because the 
sulphiding continues to finality during washing 
and drying. The presence of thiosulphate in 
the commercial product prevents discoloration 
of the whites of badly fix^ prints. 

The bad keeping properties of liver of sulphur 
have led occasional workers to prepare their own 
concentrated solution of polysulphide, since 
this will keep quite well in well-stoppered 
flasks. Fifty grammes of crystalline sodium 
monosulphide should be dissolved in about 
50 ml of water in a glass or porcelain container 
and brought to the boil. Ten grammes of 
sulphur should then be added a little at a time 
with stirring. Stick*' sulphur broken into 
smaU fragments should be uisd since flowers" 
of sulphur does not wet at all easily and will 
therefore not dissolve completely. The pre- 


paration should be carried out in a well-venti- 
lated room, away from stores of photographic 
materials. When the sulphur is dissolved, 
allow to cool and add water to bring the orange- 
yellow solution, which is mostly bisulphide and 
trisulphide, to a volume of about 250 ml. 

For use, this stock solution should be diluted 
with 10 to 20 times its volume of water. The 
liquid obtained is usually milky and behaves 
like a colloidal solution of sulphur. 

When immersed in this solution, prints tone 
slowly in the cold but more rapidly in a warm 
bath. They should be transferred to the wash- 
ing apparatus after about 20 minutes. 

740. Cold Sulphiding with Acidified H]rpo. 
A well-fixed print, after rapid rinsing, may be 
toned by immersing in a plain solution of 
hypo — about 20 per cent — and transferring 
from that directly to a very weak solution of 
hydrochloric acid — about i per cent. The 
print must remain in this bath for at least half 
an hour ; if not, there is a risk that the final colour 
will not be the same throughout. The final 
colour is only obtained after washing for about 
an hour and a half (Lumi^re and Seyewetz, 1913). 
If washing is interrupted before toning is com- 
plete, toning will continue during drying and is 
very rapid if dr5dng is done under heat. 

741. Direct Sulphiding with Hypo-alum. 
Papers giving a warm black tone by development 
may be sepia-toned in a warm solution of 
sodium thiosulphate (hypo) and potassium 
aluminium alum. When a solution containing 
hyposulphite and common alum is boiled for a 
few moments (§493), the precipitate which is 
formed first consists chiefly of alumina. If 
this mixture is allowed to cool, the reaction 
continues for a long time. In addition to the 
sulphur which is deposited, the liquid must be 
considered as being a solution of colloidal sul- 
phur. A print immersed in this solution becomes 
siflphided very slowly if the bath is cold, but 
rapidly at a temperature of 120“ to I40°F. New 
baths always attack, more or less, the details in 
the light tones of the prints which are toned in 
them ; old batlu are free from this defect s^d 
yield very fine tones. Consequently, used solu- 
tions should never be thrown away but replen- 
ished from time to time with a quantity of new 
solution. New baths can be " ripened " by 
dissolving a little silver nitrate in them, or by 
adding trimmings of sensitive paper. The fact 
that the toning bath always contains ^ver salts 
led Baekeland to advise subjecting printe toned 
in it to re-fixation in a new bath. It is to be 
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i^gretted that this precaution is usually neg- 
lected, with the result that a slow yellowing of 
the whites of the prints may ensue. 

The toning bath may be prepared as follows : 
200 g of hypo should be dissolved in i litre of 
hot water. To this should be added 450 g of 
common alum, powdered. The mixture should 
be shaken, boiled for 2 or 3 minutes,^ allowed to 
cool to about iSo'^F, and then addition made of 
about 0*5 g of silver nitrate dissolved in about 15 
ml of water, with sufficient ammonia to re-dissolve 
the precipitate which the first drops of ammonia 
produce. The bath must be thoroughly stirred 
and. finally. 1 g of potassium iodide dissolved 
in a little water should be added.^ This bath 
should be used at a temperature between 120® 
and 140®F. 

It is, therefore, necessary that the gelatine 
prints shall have b^n hardened before toning in a 
fixing bath containing alum. or. at any rate, 
by immersion in a cold saturated solution of 
alum. 

When the prints are taken from the toning 
bath they must not be washed until they have 
become quite cold. They are left for a few 
minutes in any empty dish to cool. Neglect of 
this point is a frequent cause of blisters. During 
cool^ the prints should be sponged with a tuft 
of cotton wool moistened with tepid water, so 
as to remove the deposit of sulphur formed on 
their surfaces. This is prominent after drying, 
but it is then very difficult to remove. 

742. Gold Tontng. The methods of gold ton- 
ing with sulphocyanide, or with thiourea, previ- 
oi^y descrffied (§§ 663 and 665) for print-out 
papers, are equally applicable to development 
papers. They yield bluish tones, chiefly of value 
for transparencies and very useful for improv- 
ing warm-toned transparencies of unpleasant 
colour. Prints on paper do not give pleasing 
bluish tones by this method unless the print 
has been developed to a warm colour, in a dilute 
solution, with considerable over-exposure, parti- 
cularly with chloro-bromide paper (A. Steig- 
mann. 1926). 

This method is particularly interesting for 
black-tone transparencies and warm black 
prints. With black- tone prints of relatively large 
grain size, there is generally no visible effect. 

1 If the toning bath ie being made up in quentity 
laijnr than the capacity of the veiael for heating it to 
boffing point, the alum may be diandved in about a 
quarter of the total volume of water, and the bofling 
aolntion of alum added to the lolution of hypo. 

* It haa alao been nropoaed to add to thia mixture a 
email quantity of chloride of gold. 


Warm-tone transparencies which have an 
unpleasant tone may sometimes be corrected 
by this method, the resulting tint depending 
on the initial tone and the duration of toning. 

The same toning baths, used with prints 
which have already been toned by the sulphide 
processes, produce red tones ranging from 
red-chalk to carmine (A. H. Dunning, 1907). 
The image then consists of silver sulphide and 
gold sulphide. There is no reduction in the 
quantity of silver sulphide present in the image 
before the gold toning. Red-chalk, the tone most 
desired in this toning process, is obtained most 
easily, as a rule, with prints which have been 
over-exposed and developed in a dilute solution, 
and are yellowish when sulphide- toned (J. 
Hertzberg, 1923). The process is especially 
suitable for portrait studies against a white 
background. 

743. Toning with Selenium. The seleno-sul- 
phide toning bath previously given for print-out 
papers (§ 6^) can be used equally for developed 
prints on papers with emi^ions of very fine 
grain — gaslight and chloro-bromide. With them 
it gives a beautiful sepia-brown tone. This 
method of toning is applicable to prints already 
toned by the sulphide process. It then yields 
red tones (E. R. Bullock, 1917). Although this 
bath deposits selenium on the image produced 
on bromide paper, no change in the original 
black colour of the print results. 

The fact that selenium is, however, deposited 
on the silver will be noticed if the latter is 
removed by Farmer’s reducer, the residual image 
being formed exclusively of selenium ranging 
from red to orange according to the state of 
dispersion of the silver in the initial image 
(P. Rehlander. 1932). 

744. On fine-grain images a sepia-brown tone 
may be obtained by treatment in a solution of 
sodium seleno-sulphide (Rheinische Emulsions- 
fabrik, 1910), prepared, for example, by dissolv- 
ing (under the same conditions already described 

§ 739 for the preparation of polysulphide) 50 g 
of monosulphide in 50 ml of water and introduc- 
ing 5 g of powdered selenium into the boiling 
solution. This solution should be diluted to 
about 250 ml and the reddi^-brown stodc 
solution thus obtained further diluted at the 
time of use with 10 times its volume of water, or 
preferably a i per cent solution of sodium 
monosulphide. The latter will prevent the 
rather rapid oxidation by air with formation of a 
red depict of selenium which may cause a 
yellowish fog on the print. 
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The same stock solution of seleno-sulphide, 
diluted with water or monosulphide as above, 
may also be used to tone prints which have been 
previously bleached (§ 737), whether they were 
on bromide or chloride paper. The tones obtained 
are usually a purplish brown and any coloured 
fog formed may be removed by a short immersion 
in a dilute bisulphite solution. The image which 
is obtained in this way consists of silver selenide 
in association with a var37ing proportion of 
silver sulphide. A used bath will tone a con- 
siderable number of prints but cannot be stored 
for future use owing to its rapid decomposition 
on standing. If left exposed to air, selenium 
will be deposited and can be recovered from the 
bath in this way. 

Colloidal solutions of selenium are of no use 
for toning. Toning may also be carried out 
similarly using tellurium in place of selenium. 
Tellurium has similar properties to selenium 
but is more expensive. 

745. General Considerations on Toning by 
the Formation of Coloured Ferroc^anides. The 
formation of coloured ferrocyanides was sug- 
gested as a method of intensification (H. Selle, 
1866), and, later, as a toning process. It has 
been the subject of numerous investigations 
(R. Namias, 1894 ; L. P. Clerc, 1899, etc.). 

The ferrocyanides of most of the heavy metals 
are insoluble compounds of very bright colour, 
and thus this method affords very varied 
eftects. 

The coloured ferrocyanide, of which it is 
desired to form the image, can in every case be 
obtained by first converting the silver of the 
original image into silver ferrocyanide by immer- 
sion in a solution of potassium ferricyanide 
according to the reaction previously described 
in reduction (§556). This intermediate com- 
pound is then treated with a salt of the metal of 
which the ferrocyanide is desired {two-solution 
toning). 

When the ferricyanide of the metal of which 
the ferrocyanide is rec^uired is soluble in water, 
or in a solution of w^ch the constituents have 
not, in th^nselves, any action on the silver of 
the original image nor on the ferrocyanide 
desired, the operation can be carried out in a 
single bath. As the silver is converted into 
ferrocyanide, the used ferricyanide passes to 
the state of ferrocyanide of the same metal, 
vriuch is deposited on the image at the point 
where it is formed. The ferricyanides neceasary 
for these reactions are mot commercial articles; 
it is therefore necessary to use equivalent 


mixtures of potassium ferricyanide and a salt 
of the desired metal. 

The following table gives the colours of a 
number of insoluble ferrocyanides, and also 
states whether the corresponding ferricyaniite . 
is soluble in water and, if not, the sub- 
stance which is best used for making a 
solution. 


Ferrocyanide 

Colour 

Solvent to be used for dis- 
solving the ferricyanide 

Cadmium* 

White 

Neutral solution of potaetium 



citrate 

Cobalt* 

Greenish-blue to 

Neutral solution of potassium 

Copper (cupric 
salts) 

Iron (ferric 

purplish -red 
PiLl>l»h-red 

dtrate 

Neutral solution of potassium 
citrate 

Water 

Prussian blue 

tolts) 



Lead* 

White 

Water 

Molybdenum 

Dead-leaf brown 

Water 

Nickel* 

Reddish-brown 

Neutral solution of potassium 



citrate 

Titanium* 

Yellow 

Water 

(titanic salts) 
Uranium* 

Reddish-brown to 

Water 

(uranyl salts) 

fiery-red 


Vanadium* 

Light orange- 
yellow 

Water 


After-treatment by an oxidizing agent (chro- 
mate, permanganate, and hydrogen peroxide 
in acid solutions) may transform the fearo- 
cyanide into ferricyanide and the same change 

^ Treatment with a solution of monosnlphide gives, 
according to whether the silver ferrocyanide has been 
eliminated or not. a yellow image of cadmium sulphide 
(H. W. Rimback. 1935) or a sepia brown which is due 
to the mixture oif yellow cadmium sulphide and silver 
sulphide. It should be noted that cadmium salts 
are toxic. 

‘ The image is greenish-blue when produced by the 
two-bath method (action of cobalt chloride on silver 
ferrocyanide) or violet red (prune coloured) when 
produced by the single-bath method, the cobalt being 
used as a sulphate in the presence oftcitrate (J . Dubreton, 

1919). 

* Lead ferrocyanide may be converted into yellow 
]/ead chromate (chrome yellow) by immersion in an 
alkaline chromate or bichromate solution. For two- 
bath toning it is frequently recommended that lead 
ferrocyanide be formed fisat in order to obtain a 
greater amount of reactive ferrocyanide which will give 
a denser final image (Eder and Toth, 1876). 

* Nickel ferrocyanide may be converted into an 
intensely red compound. After thorough washing, the 
image mould be treated with an alcoholic solution 
containing x per cent dimethylglyoxime made alkaline 
with a small amount of caustic soda. (F. Lejeune. 193 ^). 
The red compound is destroyed by adds. 

* The technique of toning with vanadium and tita- 
nium has been ossciibed by E- J* Wall (1921 and 1927). 

* As the colours given renpectively by iron toning 
and uranium toning are compfementa^, these methods 
have been applied to the production of two-colour 
ininta in the motion-piotare industry. 
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may be produced by a prolonged treatment in 
a single^bath toning solution, the role of oxidizer 
being played by the excess of ferricyanide in an 
acid condition. It is in this way that the 
reddish-violet cobalt ferrocyanide may be con- 
verted into the insoluble reddish-brown fern- 
cyanide (Strauss, 1923) and the reddish-brown 
nickel ferrocyanide into the yellow ferricyanide 
(P. Bonneau, 1941). 

It will be understood that, after toning in a 
single bath, the image contains, in addition to 
the coloured ferrocyanide which it was intended 
to form, also silver ferrocyanide. If this were 
left in the image it would give rise to a super- 
ficial metallic lustre, due to sulphuration by 
atmospheric impurities. (This may be avoided 
by varnishing the image.) Consequently, it is 
usual to dissolve out this salt when toning is 
fini^ed. This increases the transparency of 
the image considerably, and is, consequently, 
specially useful when images are to be viewed 
by transmitted light. But Sie silver ferrocyanide 
can also be utilized to form in the image an 
additional quantity of a coloured ferrocyanide. 
identical with that already formed, or different, 
according to the method of toning in two baths, 
and thus intensifying the image or modif3dng 
its colour. Further, in order to obtain blended 
colours, the silver ferrocyanide may be reduced 
to the metallic state by development in daylight, 
or it may be converted into silver sulphide. 
As the metallic ferrocyanides are mostly decom- 
posed in alkaline baths, all these conversions 
should be effected in acid solutions. 

The conversion of silver ferrocyanide into 
another insoluble ferrocyanide is most frequently 
done in a solution of the chloride of the metal of 
which it is desired to obtain the ferrocyanide, 
or, failing the chloride, in a solution of another 
salt to which hydrochloric acid has been added. 
The conversion is frequently more rapid or 
more complete in the presence of a bromide. 
When toning in a single bath is carried out with 
a solution containing a chloride or a bromide, 
and this addition does not produce a salt capable 
of chloriding or bromiding direct the metallic 
silver without the intervention of the ferri- 
cyanide (which is the case, for example, in blue 
toning with iron, or red toning with copper), 
the conversion of the ferrocyanide of silver 
into a coloured ferrocyanide is effected as it 
forms, the coloured in^e being then appreciably 
denser. After the toning is completed the image 
contains silver chloride liable, in time, either to 
become converted into metallic silver, or to be 


darkened by exposure to light, and in either 
case increasing the opacity of the image con- 
siderably. It is therefore necessary to remove 
this salt, unless it is desired to obtain particu- 
lar effects from its darkening by exposure, 
from its reduction to the met^lic state, or by 
sulphiding. 

When forming the same coloured ferrocyanide 
the quantity of this ferrocyanide formed from 
the same original quantity of silver is appreciably 
greater by toning in a single solution than when 
two successive solutions are employed, a denser 
coloured image being obtained. Consider, for 
example, the case of toning with copper. When 
toning in a single bath, the reaction is — 

2Fc,(CN)i,Cu*-f- 4Ag = 3Fe(CN),Cu,-H Fc(CN),Ag4 
Copper SUver Copper Silver 

ferricyanide ferrocyanide ferrocyanide 

while the reactions occurring by toning in two 
successive solutions are — 

2Fc,(CN)„K. 4Ag - 3 Fc(CN),K 4 + Fc{CN).Ag4 

Potaadum Silver PotaBium Silver 

fecricyauide ferrocyanide ferrocyanide 

Fe(CN)4Ag4 -h 2CuCl, = Fe(CN),Cu, + 4AgCl 
Silver Cupric cboride Copper SUver 

ferrocyanide ferrocyanide chloride 

In principle, the same quantity of silver would 
produce by the first method three times more 
copper ferrocyanide than by the se< ond ; or four 
times if one applies a bath of cupric chloride 
to the image abeady toned in a single bath. 
All the precipitated ferrocyanides, even in the 
presence of the other constituent, contain an 
excess of potassium ferrocyanide absorbed or 
combined in the state of a compound such as 
Fe{CN)eAg,K. [Fe(CN)e]*Cu3K„ etc. 

746. All reducing agents, and particularly 
thiosulphate, which are left in the gelatine or 
paper due to bad fixing or incomplete washing, 
cause a reduction of ferricyanide and a deposit 
of coloured ferrocyanide in the form of veil or 
stains. It is therefore recommended that images 
which are to be toned, and particularly paper 
prints, should be treated with an effective hypo 
eliminator (§513)- 

The gelatine (and also the coating of the paper) 
during the course of the operations, particularly 
when these are carried out in very acid solutions, 
may retain yellow hydroferricyanic add, which 
cannot be removed by washing in plain water, 
and produces a uniform discoloration, especially 
noticeable in prints on paper (Liippo-Cramer, 
1913) . This can be removed, after the operations 
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are completed, by immersion in a moderately 
concentrated solution of sodium sulphate from 
2 to 10 per cent, preferably containing, in 
addition, a small quantity of sodium or 
potassium citrate, about ( per cent. This 
clearing bath may be used several times in 
succession. 

The decomposition products of ferricyanide 
which form a coating of crystals on the surface 
may be eliminated by rinsing. To make certain 
that the bath contains no ferrocyanide, a small 
quantity of an oxidizing agent such as potas- 
sium bichromate or ammonium persulphate 
should be added frequently ; in this way a clear 
mixture is obtained. 

In the case of toning in a single bath, the same* 
reaction which is produced on the silver of the 
image can also be produced on any other metal 
brought into contact with the solution. For 
that reason the use of metal dishes must be 
avoided, as well as metal forceps, frames, etc., 
or any appliances with metal parts, which would 
rapidly exhaust the solution. 

When toning with a single bath, the gelatine 
not only retains a little ferricyanide, but also a 
little of the other essential constituent of the 
solution-iron salt, uranium salt, etc. The 
solution used for toning induces a strong tanning 
action on the gelatine. This tanning elfect, and 
the concurrent combination of the salts with 
the gelatine, are very much less in baths which 
contain a relatively large proportion of citrate, 
but the presence of citrate tends in certain cases 
to render the toning solution inert, especially 
in uranium toning, unless a bath containing a 
large proportion of hydrochloric acid is employed. 
The combination of the salts with the gelatine 
is restricted by adding to the bath a salt which 
has a greater affinity for gelatine, e.g. alum 
(£. Sedlaczek, 1920). 

There is sometimes a risk that the coloured 
ferrocyanide may be formed on the exterior 
of the film on account of the diffusion of the 
soluble intermediate ferrocyanide (potassium 
ferrocyanide). This occurs most where the 
image is densest, and where, consequently, the 
ferrocyanide can form a more concentrated 
^lution. This result, which might cause a local 
inversion of the image, may be avoided by 
regulating the proportion of the constituents of 
the toning bath in such a manner that the 
metallic sdt, of which it is desired to form the 
ferrocyanide, is always in considerable excess 
relative to the ferricyanide. This precaution 
is the more necessary as, in addition to the 


insoluble ferrocyanide, certain metals — ^uranium, 
molybdenum — ^yield a relatively soluble ferro- 
cyanide when formed from an excess of potas- 
sium ferrocyanide. In addition, in direct toning, 
agitation of the bath should be avoided as much 
as possible. 

In addition to the fuU colour resulting from 
toning carried as far as it will go, (bright colours 
are required for several special purposes and 
especially for the making of positives in three- 
colour processes) it is practicable, by incom- 
plete toning, to obtain tones intermediate 
between the colour of the ferrocyanide and the 
black of the initial image. These intermediate 
tones are frequently far more pleasing than the 
final colours, which may be too bright. It is 
easier to obtain these intermediate colours when 
toning in a single solution, as the image retains 
almost the same tone that it possesses when 
the toning action is stopped. 

747. Radish-brown Toning with Uranium, in 
Single Solution. Toning with uranium intensi- 
fies the image in proportion as it is carried to 
finality. A print of normal contrast may be 
toned to a warm black by a short inunersion 
in the toning bath, but toning to red-brown or 
bright red requires a print of considerably less 
than average contrast. 

It is preferable to prepare the toning bath, 
at the time of use, from 10 per cent sto^ solu- 
tions. Old baths can, however, be used, but 
they must be filtered if they have become 
cloudy, and a little more acid added if toning is 
slow. 

Of the two formulae for toning baths given. 
No. I tends to produce redder tones than No. 2. 
Uranium tones are stated by A. M. Gundel- 
finger (1934) to be complementary to those 
obtained using iron. < 

No. I No. 2 

Uranium nitrate, 10% solution 25 ml 25 ml 

Neutral potassium oxalate, 10% solution 25 ml — 
Neutral potassium citrate, 10% solution^ — 25 ml 

Potass, ferricyanide, 10% solution . 70 ml 10 ml 

Ammonium idum, zo% solution 50 ml — 

Hydrochloric acid. 10% solution . 5 ml 50 ml 

Water to make . . . 1000 ml 1000 ml 

^Neutral potassium citrate KgC«H| 0 T. 2 H| 0 , is in 
small crystals, free from colour, and s^uble in 
water. It can be rrolaced by practically the same 
weight of neutral sodium dtrate. In all solutions 
of citrates a mouldy growth appears in course of time. 
This may be prevenM by tbti awtion of an antiseptic 
to the s^tioD, e.g. a small quantity of phenol, or by 
keeping a fnqpment of camphor floating on the solution. 
Witii many insolkUe salts, citrates form complex 
soluble salts. 
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The sdatioiis should be pale yellow and per- 
fectly dear. 

Toning is very slow at first, becoming more 
rapid as the operation progresses. According 
to the tone desired, toning may require from 
2 to 10 minutes. Half a litre of bath will tone 
about 2 i sq ft. 

When toning cine film introduced into the 
bath in the dry state, the bath is maintained 
at constant activity by the addition of 2 litres 
of a solution which is five times as concentrated 
as the initial bath for every 6oo metres of film 
processed. 

When the image is toned to the desired extent 
it must be washed. But uranium ferrocyanide is 
exceedingly susceptible to the action of alkalis, 
even the weakest, and it would be decomposed 
(and the colour discharged from the image) by 
the calcium bicarbonate usually present in ordi- 
nary tap water. This reducing action may be 
avoided by adding a very little acid to the wash 
water, e.g. i part of hydrochloric or acetic acid 
to 1,000 parts of water. In practice about i ml 
of concentrated acid may be added per litre, 
or 5g of boric acid. A very brief rinsing in 
plain water completes the washing. 

The uniform yellow tint of the base which 
generally remains after this method of toning 
is not displeasing in the case of transparencies, 
but with paper prints the effect is distinctly 
disagreeable. It can be removed by immersing 
the print in the clearing bath given in §746 
until the whites are clear, after which the prints 
are rapidly rinsed. 

If necessary, any residual salts of silver should 
be dissolved out in an acid fixing bath, either 
freshly prepared or kept exclusively for this 
process. The following fixing solution may be 
em^yed— 


Hypo . . . 

Sodium acetate . 

Acetic acid, 10% solution 
Water to make 


• 50 g 

10 g 
10 ml 
. 1000 ml 


The prints, which ^ibuld be rinsed before 
fixation in an acid bath and then in ordinary 
water, should finally be well washed in acidified 
water. Removal of the silver salt is useless if the 
toning has been stopped at a warm black or 
sepia tcme. 

748. Blue Toohig with Iron, in Single Sohi- 
Um. Toning with iron intensifies the image in 
proportion to the degree to which the toning 
action is taken, ps^cularly if the residual silver 
salts are not iminated. 


The following toning bath may be used 
(Kodak Ltd., 1948)— 

Ammonium persulphate . 0-3 g 

Iron ammonium sulphate 


(Ferric alum) 1*4 g 

Oxalic acid • 3*o g 

Potassium ferricyanidc 1*0 g 

.Ammonium alum 3*0 g 

Hydrochloric acid (10 per 
cent solution) . 1 ml 

Water to make . 1000 ml 


The method of compounding this bath is very 
important. Each of the solid chemicals should 
be dissolved separately in a small volume of 
water, the solution then mixed strictly in the 
order given, and the whole diluted to the re- 
quired volume. I f these instructions are followed, 
the bath will be pale yellow in colour and 
perfectly clear. 

Toning will take from 2 to 10 minutes, accord- 
ing to whether the tone desired is a duU green 
or a pure blue. Half a litre of bath should tone 
about 4 sq ft of image, more acid being occasion- 
ally added if toning becomes too slow. 

Ferric ferrocyanide is exceedingly susceptible 
to the action of weak alkalis. Long washing in 
ordinary water must therefore be avoided, and 
the precautions previously advised (§747) in 
regard to prints toned with uranium, viz., 
washing, clearing the whites, and dissolving the 
residual silver sdts apply equally to iron toning. 

However, an image which has been slightly 
weakened may be revived by a final rinse in 
an acid bath ; an image which has been com- 
pletely decolorized by an alkaline bath or by 
a cyanide solution may, after rinsing, be 
regenerated by means of a ferricyanide solution 
weakly acidified with hydrochloric acid, 

749. PurpUafa-red Toning with Copper in 
Single Solution. Copper toning does not in- 
tensify the ima^e; it even has a tendency to 
reduce slightly m the case of toning taken to 
finality and followed by removal of the residual 
silver salts. 

For preparing the toning bath, the copper 
ferricyanide may be dissolved either in ammonia 
or amommium carbonate, but the clearest 
colours and the purest white are obtained by 
using a solution of neutral potassium or sodium 
citrate as a solvent (W. B. Ferguson, 1900). 

Neutral potawiiim citrate <408 

Copper tulphate, 10% lolution 35 ml 

Potaathun ferricyanide, to% solution 30 ml 
Water to make .... 1000 ml 
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The solution should be light green and per- 
fectly clear. 

Toning should require from 2 to 10 minutes 
approximately, according to whether the tone 
desired is a warm black or a purplish-red. Half 
a litre of bath should tone about 2 sq ft of image. 

Copper ferrocyanide is not affected by alkaline 
solutions; consequently the precautions speci- 
fied in the preceding cases for preventing the 
reduction of the image by the calcium bicarbon- 
ate in ordinary water are not necessary. 

If the image is slightly weak it may be 
strengthened, after a brief rinse, in a solution of 
about 5 per cent of copper sulphate, to which 
has been added a little hydrochloric acid. This 
is followed by a second rinse. 

The removal of the residual silver salts may 
be done in a neutral solution of sodium thio- 
sulphate (hypo) about 10 per cent ; but there is 
no disadvantage in using an acid solution. 

750. Mixed Toning. Among the very numer- 
ous combinations possible in toning with ferro- 
cyanides, the following may be particularly 
noted. A print, toned with uranium or copper 
in a single bath, may be immersed in a weak 
solution of ferric chloride (perchloride of iron) 
to which a little hydrochloric acid has been 
added. This must be before the treatment with 
hypo. This gives dark green or purplish 
tones. 

A mixture may also be made of the iron and 
uranium toning solutions for obtaining, with a 
single bath, sepia, dull green or bluish-green 
tones, while a full green may be obtained in a 
single bath by a mixture of vanadium and iron. 

751 . Two-solution Ferrocyanide Toning. This 
method of working is used principally in toning 
with iron, which is here given as an example. 

The print is first immersed in a solution of 
potassium ferricyanide, of about 5 per cent 
strength, which must be previously rendered 
alkaline by adding a little ammonia or sodium 
carbonate. This is allowed to act until the image 
is yellowish through its entire thickness. 

A variation suggested by C. H. Bothamley 
(1918) obviates the employment of the ferri- 
cyanide, and consequently the combination of 
this salt with the gelatine. The image is first 
converted into chloride, e.g. by immersion in 
a hydrochloric solution of chromate or perman- 
ganate, and then converted into silver ferro- 
cyanide by immersion in a solution of potassium 
ferrocyanide. 

After wadiing until the whites are thoroughly 
clear, using the clearing bath already given 


(§ 746) necessary, the image is toned blue by 
immersion in a weak solution of ferric chloride. 

Iron perchloride (standard 
solution 45” BanmS) . 50 ml 

Hydrochloric acid . . xo ml 

Water to make .... 1000 ml 

After a quick rinse the print is immersed in 
an acid fixing bath, then well washed in slightly 
acidulated water. 

752. Dye-toning: General Considerations. It 
was observed by A. Traube in 1906 that, after 
suitable conversion of the silver in a photo- 
graphic image into silver iodide, this sadt can 
fix basic dyes in a manner that may be com- 
pared to the fixation of colouring matters by 
means of mordants in dyeing. 

The majority of artificial colouring matters 
known as aniline dyes can be divided into two 
categories, basic dyes and acid dyes. 

A basic dye is a salt in which a base, bearing 
by itself the colouring power, but generally 
insoluble in water, is combined with a miner^ 
or an organic acid — chloride, sulphate, acetate, 
oxalate, etc. All basic dyes are very soluble in 
alcohol : they have a marked affinity for collo- 
dion, but they will not combine with gelatine. 

An acid dye is a salt of which the acid radicd 
forms the essential colouring constituent, this acid 
dye being combined with a mineral base — salts 
of sodium, potassium, ammonium, and calcium. 
Acid dyes are, as a rule, insoluble in alcohol. 

If solutions of basic dyes are mixed with those 
of acid dyes, an insoluble precipitate generally 
forms. On the other hand, dyes of the same 
character can always be mixed with each other 
for obtaining intermediate tints. 

When a piece of blotting paper has its lower 
extremity dipped in a weak solution of a dye, 
the water rises on the blotting paper more rapidly 
than the colouring substance when this latter 
is basic, the coloured stain being thus preceded 
*by a moist zone free from colour as the moisture 
rises. This phenomenon does not occur with acid 
dyes, and it forms a simple test for distinguish- 
ing between the two categories. Dyes intended 
for ordinary dyeing are mixed, as a rule, with 
inert soluble substances for the purpose of 
maintaining the colouring properties constant 
from batch to batch. The complete designation 
of a dye ought to include all letters or numbers 
following the name of tiie colouring substance, 
and the name of the maker. Dye substances of 
tile same name but comk^ from different sources 
are not necessary identical. 

The mordanting can be carried out by the 
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fonnatian of silver iodide and cuprous iodide 
using the intensifying bath descried in §551, 
due to G. Zelgev, 1924. Dye toning by mordant- 
ing was appU^ to the preparation of tricolour 
transparencies by G. A. Richard in 1896, but his 
methods were not described. 

After remaining a sufficient time in a weak 
solution of one of these dyes, a verj^ intensely 
coloured im^e is obtained. The washing after 
immersion in the dye removes the colouring 
matter which has penetrated the gelatine 
without having the slightest affinity for it, 
but it cannot remove dye fixed on the silver 
iodide. The images thus obtained are, unfor- 
tunately, very opaque, and the silver iodide 
can only be removed after a complementary 
mordanting, otherwise the colouring matter, 
being no longer fixed, would be diffused. 

This mordanting is best done by means of 
an acid dye of the same shade which will at the 
same time reinforce the image. 

The use of various metallic ferrocyanides as 
mordants, suggested by R. Namias (1909-1911), 
has become a practical success through the 
publication by J. I. Crabtree (1917) of working 
details for dyeing images previously toned by 
the formation of ferrocyanide of copper (§ 749). 
An advantage of this method is the almost per- 
fect transparency of this ferrocyanide in dry 
gelatme. It has since been found that ferro- 
cyanide of uranium constitutes an excellent 
mordant (§ 747). 

The mixture of silver ferrocyanide and 
diromium hydroxide obtained by bleaching 
in a solution of ferricyanide and potassium 
bichromate acidified with acetic acid may also 
be used (F. E. Ives, 1919). In all cases the 
silver ferrocyanide which constitutes the mor- 
danting agent must remain in the image. 
This fact has been applied as a method of double 
toni^ (J. I. Crabtree and W. Marsh, 1931): 
partially tone in a single-bath iron toner 
(§748)* stop toning, rinse, remove the silver 
ferrocyanide, rinse and complete the blue 
toning. The silver fm-ocyanide, which is 
present only in the fraction of the image last 
toned, then plays the role of mordant and allows 
one to obtain shadows which are green, brown, 
or pu^le according to whether the dye bath 
contains auramine, chrysoidine, or safranine. 

The most popular mordant to-day is cuprous 
thiocyanate (J. H. Christansen, 1917), since 
it is very transparrat, practically colourless, 
and gives a strong image from one that was 
initially weak. 


According to whether the conversion of the 
original silver image into a mordant is superficial 
or complete, the colours produced by the dyeing 
will be broken or pure. 

For certain purposes, and notably for photo- 
graphy and cinematography in colours by the 
superimposition of two or three images in 
primary monochrome elements, it is essential 
that the image should be very pure and highly 
transparent. It is important, therefore, to start 
with very feeble images and to convert Ae whole 
image into a mordant which itself is without 
any appreciable colour. 

The stability in daylight of images toned in 
this manner is very inferior to that of images 
toned by the formation of metallic salts. These 
processes answer well for motion picture films 
and stereoscopic or lantern transparencies. But 
they are scarcely suitable for window trans- 
parencies exposed to a strong light for any 
length of time. 

The use of these methods of toning has for 
a long time been restricted to transparencies, 
but a working method has been introduced by 
A. and L. Lumi^re and A. Seyewetz (1925) for 
paper prints. 

In the presence of organic solvents which do 
not affect the stability of the mixture, it is 
possible to mordant and tone in a single bath 
(J. I. Crabtree and C. E. Ives, 1929), but the 
choice of dyes is very limited and the operation 
somewhat tricky, so that it is not a very practi- 
cal method. 

753. Mordanting the Images. Unless very 
pure blues or greens are desired, mordanting 
may be done in either of the baths previously 
given for uranium toning (§747), or copper 
toning (§ 749). An essenti^ condition, however, 
is that the silver ferrocyanide must not be 
removed by treatment with hypo. This would 
diminish considerably the capacity of the image 
for retaining the dyes. Broken colours, generally 
the most pleasing, are given by incomplete 
mordanting, toning being stopped when the 
image presents an almost imperceptible brown 
tint, which, with a new bath, will not require 
more than 2 minutes. The image must be washed 
between mordanting and dyeing until the 
whites are perfectly free from colour. 

In the case of mordanting with uranium, 
the washing water must be add. But any 
removal of the silver ferrocyanide must be 
avoided, as this plays as active a part as the 
mordant. 

To obtain pure and bright shades (e.g. for 
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anaglyphs, three-colour prints, etc.) the follow- 
ing bath is recommended. Prepare only small 


quantities at a time. 

Copper sulphate . . 20 g 

Neutral potassium citrate 60-100 g 

Acetic acid, glacial . 30 ml 

Ammonium thiocyanate, 10% 
solution . 100 ml 

Water to make .... 1000 ml 


Add the thiocyanate, previously dissolved in 
a small quantity of water, a little at a time, the 
solution being shaken after each addition. When 
only required occasionally the thiocyanate 
should be added at the time of use. The bath 
should be discarded when it starts to deposit 
copper thiocyanate since this will produce a 
uniform fog all over the picture. 

The citrate and acetic acid, since they do not 
enter into the reaction, do not become exhausted 
and a bath which has become slow-working 
may be revived by an addition of 10 g per litre 
of ammonium thiocyanate, providing it is still 
of a blue-green colour due to the presence of 
cupric salts. If it is almost decolorized, 5 to 
10 g of copper sulphate should be added per litre. 

The photographic material should not be 
allowed to remain in the mordanting bath after 
the transformation of the silver image is com- 
plete. 

After mordanting, the image must be washed 
until the clear portions are perfectly free from 
colour. Double- tone effects can be got by dyeing, 
in one of the following baths, an image which 
has been toned to a blue in the bath recommended 
in § 748, but with the ammonium alum omitted. 
The shadows only are then toned to a blue: 
the light half-tones are bleached and they alone 
can fix the dye (Kodak Co., 1922). 

7^. Dyeing of Mordanted Transparencies. 
Dyeing is effected in an aqueous solution of the 
dye, to 500 ml of which has been added from 
1*5 to 9 ml of glacial acetic acid. The object 
of the acid is to prevent the dye from fixing 
on the plain gelatine. The quantity of this acid 
may be increased if the whites show any 
appreciable discoloration. The concentration of 
the dye may vary from 30 g to 25 g per litre 
of solution. A few trials will indicate the best 
concentration. Very concentrated solutions 
should be avoided lor dyes whose colouring 
power is considerable, e.g. methyl violets and 
Faris violets, and also in the case of dyes, like 
safranine, which are not readily washed out. 

Frames or clips should be used for immersing 


plates or films in the dye baths; alternatively 
rubber gloves should be worn. 

The following table rives various dyes with 
their corresponding colour and the group to 
which they belong. They are all well suited 
for dyeing with the mordants previously given. 

Auramine decolorizes if warmed to 75°F and 
is therefore not very suitable for tinting trans- 
parencies which are to be projected. 


COLOUR 

DVE 

GROUP 

Warm brown 

Chrysoidines 

Azo 

Reds 

Rhodamine B.** 



Khodamine S. 

Phthalein deriva- 
tive 


Safranines 

Azine 


Fuchsine* 

Triphenylmethane 

derivative 

Orange 

Acridine orange 

Acridine 

Yellows 

Auramine** 

Diphenylmethane 

derivative 


Phosphine 

Thioflavine** 

Acridine 


Thiobenzenylic 

Green 

Malachite green* 

Triphenylmethane 

Blue-green 

Methylene green 

UwX i VCI*I*A V w 

Thiazine 

Blue 

Methylene blue 

Thiazine 

- 

Victoria blue 

Triphenylmethane 

derivative 

„ 

Capri Blue** 


Violet 

Methyl violets 

Triphenylmethane 

derivative 


* Dyes suitable for anaglyphs and two-colour pbotofrqthy. 
** Dyes suitable for three-colour photography. 


All the intermediate colours can be obtained 
by mixing these various solutions in suitable 
proportions, or by successive immersion in 
different baths with intermediate rinsing. 

The dye absorbed by the gelatine may some- 
times be destroyed, without destrojdng the dye 
adsorbed to the mordant, by immersing the 
image in a very dilute solution of bisulphate 
(A. Seyewetz, 1909), hydrochloric acid (L. 
Lobel, 1920), sodium hydrochlorite (R. Namias, 
1936) or hypo, the latter solution being diluted 
with about its own volume of alcohol (W. Huse, 
1926). A test should be made before applying 
these decolorizing agents in specific cases. Since 
the image colour is not always the same as that 
of the dyes mixture, because of the different 
affinities of the dyes for the mordant, it is 
wise to carry out preliminary tests. 

According to the intensity of colour desir^ 
and also according to the strength of the dyeii^ 
bath, immersion m the solution may vary from 
2 minutes to about z hour. 

After dyeing to the colour desired, the image 
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is waslKd in several changes of water for about 
10 minutes. An image wMch has been coloured 
too deeply may be r^uced in intensity by brief 
immersion in water to which a few drops of 
ammonia — about i millilitre per litre — have been 
added. An image which has been insufficiently 
dyed can be re-immersed in the mordanting 
bath after a brief rinsing. 

In the case of an image where the silver 
has been only partially transformed into mor- 
dant, if the tone is considered to be too weak, 
then the transparency may be returned to the 
mordanting bath after rinsing, and the process 
repeated. 

The plate or film should be swabbed before 
drying, since every drop of water will leave a 
mark. Varnishing will often increase the trans- 
parency of the image (§ 576). 

755. Pyring MordanM Prints on Paper. 
After mordanting by the formation of copper 
thiocyanate in the bath of which the formula 
is given at the end of § 753, the prints made with 
extra wide margins should be washed for about 
30 minutes in running water, or water frequently 
renewed. A print is placed with its back in con- 
tact with a ^eet of glass a little larger than the 
print, or on the flat bottom of a dish, and sur- 
face-^ed with a blotting board. 

The dye is applied to the print by means 
of a large flat brush — cod-tail — or a plug of 
cotton wool, using always an ample excess of 
dye, which may w spread without any special 
precautions other than avoiding all contact of 
the dye with the borders or the back of the print.^ 
:By using solutions of sufficient strength the 
dyeing is completed in about 2 minutes. 

The dye solutions to be used in this case are 
I per cent solutions of any one of the following 
dyeSj with addition of i per cent glacial acetic 
acid^ 

Thioflavine T: Methylene Blue: Fuchsine: 
Malachite Green : Methyl Violet 
or a mixture of these solutions in suitable 
proportions. 

Toe excess of dye should be drained ofl at one 
comer, and the print washed in running water 
until the slight tinting of the base does not get 

* The back of the print may be protected from the 
dye by attaching it to a glam coated with rubber 
•Mution, and covering the margins of the ^nt 
with strips of paper coated with the same robber 
solution. Dyeing may then be proceeded with in a 
dish, but more dilute solutions should be used. 
After fintohing and drying, the print is detariied by 
being polled from the glam; any robber which 
may adhere is removed by rolUog under the fingers. 


any lighter. This will require from 30 minutes 
to an hour. On dr3dng, this tinting decreases 
but does not completely disappear. 

To clear the whites completely, the prints 
may be placed for 30 to 60 seconds in a 04 per 
cent solution of potassium permanganate, either 
neutral or acidified with 0*2 per cent sulphuric 
acid, quickly rinsed, and cleared in about 
2 per cent bisulphite solution followed by a 
further rinse, then swabbed and dried. The 
decolorizing agents which have already been 
given for transparencies (§754) may also be 
used. When a mixture of dyes is involved, it 
sometimes happens that one of the dyes is 
acted on preferentially. 

In the case of emulsions very strongly har- 
dened to allow of drying by heat, any chemical 
treatment is generally unnecessary for bleaching 
if the washing is carried out in water at I20®F. 
The very slight tint remaining on the base does 
not show on the face of the print after drying 
(C. Rosetti, 1936). 

756. Tinting. While toning affects the colour 
of the image only, the base remaining colourless, 
a general tinting is intended to colour the base 
itself, the image appearing in black, or in a 
colour, if it has been previously toned, on a 
tinted ground. 

General tinting is done by means of acid dyes, 
generally those prepared for woollen fabrics, 
the fixation of which is facilitated by the addi- 
tion of a little acetic acid— about 5 ml of a 10 per 
cent solution of the acid in i litre of bath. In 
order to avoid the softening of the gelatine by 
dyes, they should be employed in very dilute 
solutions. It is very exceptional that a strong 
colouring of the base of the image is desired. 

By analogy to the case of wool, the acidic 
ion of the dye may be considered to combine 
with the basic groups in gelatine; conditions 
which tend to diminish the basicity (treatment 
with nitrous acid, hypochlorites, hydrogen 
peroxide, and all strong acids in relatively 
concentrated solution) also diminish the readi- 
ness to dyeing. 

It should borne in mind that this tinting 
diminishes the luminosity of the prints con- 
siderably ; the loss is from 20 to 90 per cent ; and 
it also lessens contrast to a marked degree. 

The average time of immersion is 3 minutes 
for transpwncies on plates or films. For prints 
on paper it must be appreciably less, and, in 
addition, it is desirable to use more dilute sdu- 
tions. Prints on paper may be tinted chamois 
in a very dilute infi^n of tea or coflee or in 
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a permanganate solution. In the latter case 
the whites may be made to reappear by touch- 
ing the swabbed print with a brush moistened 
with a dilute solution of bisulphite, followed by 
a quick rinse. Gelatine that has been hardened 
too much will only take the dyes irregularly. 

After tinting, the prints or transparencies 
should be washed for several minutes to remove 


the dye which adheres superficially to the 
gelatine and the support. Long washing, how- 
ever prolonged, will scarcely reduce a tint which 
is too strong. 

Before drying, the transparencies or prints 
should have all surface moisture removed. Any 
dye which may be discharged or remain in drops 
on the surface will cause streaks or marks. 



CHAPTER XLII 

WASHING, DRYING AND GLAZING OF PAPER PRINTS 

757. Methods of Washing Prints. The part number of fibres in series is considerably increased 
played by washing photographic emulsions on by the resin sizing in the paper, for when the 
a permeable (paper) support, differs in no way paj^r is calendered the resin melts, thus ren- 
from that in washing photographs on imper- dering the fibres partially impermeable and, at 
meable (glass) and practically impermeable the same time, filling up the interstices. The 
(film) support, which has been studied previ- same experimenters have shown that the treat- 
ously (§507). The mechanism of washing, ment recommended by A. Charriou (1923) 
however, is slightly different, the salt concentra- for hastening the washing of papers is based on a 
tion dianges being considerably slower in the theory which is invalid. The process consists in 
interior of the paper (fibres and sizing) than in submitting the prints, during washing, to the 
the gelatine layer. Washing may be controlled action of an inert salt, such as sodium bicar- 
by the same methods already indicated for bonate, which would displace the hypo remain- 
plates and films. It has often been suggested ing in the paper; such treatment would only 
that the efl&ciency of washing may be controlled be efficacious in the case of an irreversible 
by adding a colouring matter to the fixing bath adsorption, and this does not occur, 
or to the first wash water, such a material being In order to bring about practically complete 
eliminated at almost the same rate as the hypo, elimination of removable salts, it is necessary 
There is, however, always a risk, when applying that thin papCTS should be washed for 30 minutes 
this treatment to a paper on which this experi- and very thick papers (card, postcards) for 
ment has not already been tried, that the colour- 90 minutes, using running water or water which 
ing matter may be ultimately retained by the is renewed every five minutes. In the former case 
paper or by the ba^a coating. In general, this it is sufficient to employ moderately fast-running 
method is not advisable or necessary. water, so long as the prints are moved about 

When a gelatine coating on an impermeable fairly frequently to prevent them massing 
support is being washed, the concentration of together, which prevents the penetration and 
the salt solution in the coating is reduced by a renewal of water. Clean water must have 
constant fraction of its former concentration constant access to both sides of the prints, 
after each change of water (§ 508), or at the end When using running water for washing, it is 
of equal periods of washing in running water preferable to make use of an arrangement which 
(§ 509). The soluble salt is expelled sufficiently keeps the prints moving inside the receptacle, 
quickly for it to be necessary for the water to When washing in changes of water, it is essential 
be renewed very rapidly. On the other hand, that the prints be removed one by one from the 
the diffusion of sodium thiosulphate and of dish of contaminated water and placed in the 
soluble silver complex thiosulphate from a paper dish of fresh water. The removal of prints in a 
and its baryta coating is much slower, and is mass from one dish to another, or emptying and 
lessened as the quantity remaining to be elimi- refilling a dish with the prints heaped together 
nated becomes smaller. Under such conditions on the bottom, is absolutely ineffective, 
there is no longer any advantage in emplo3nng An excellent method of hastening the elimin- 
such a rapid renewal of water for papers as in ation of salts retained by photographic pap^s 
the case of plates and films, the rate of washing consists in pressing-out the liquid with which 
being governed by the rate of elimination of they are saturated from time to time (Lumi&re 
salts from the support. and Seyewetz, 1902). For example, at each 

K. C. D. Hiclonan and D. A. Spencer (1925) change of water the prints are gathered in a 
have shown that this slowness in elimination heap on a flat and rigid support, and the water 
during washing is a property of paper in the pressed out with the hand, or, better still, by 
sheet form and not a specific prop^y of its pressure with a roUer (a wooden rolling pin or 
fibres. The diffusion through the cell walls is a thick round glass bottle can be used for the 
idower than that in plain water, and the period purpose). The prints, having been squeezed in 
of time a salt takes to pass throu^ a large this way, are replaced in the washing tank, which 
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has been emptied and refilled with clean water. 
When only a very small number of prints have 
to be washed, they may be pressed between 
blotting paper rather than treated as above. 

758. Apparatus for Washii^ Prints. Print 
washers are often less efficient than plate 
washers, the prints usually tend to heap them- 
selves up on the bottom of the tank or on the 
perforated false bottom. The use of floats 
provided with clips for holding the prints has 
often been suggested, but the use of such devices 
is hardly possible except when washing a very 
small number of prints, and in that case it is 
just as practicable to carry out the washing in 
several changes of water, transferring the prints, 
one by one, from one tank or dish to another. 

When it is required to wash a fairly large 
number of small-sized prints, either a washing 
machine or a shallow cylindrical tank can be 
used, the latter being fitted with inlet pipes 
placed tangentially, so that a whirling move- 
ment of the water is produced. If a more 
suitable container is not available, a dish may 
be used, with a rubber pipe to bring the jet of 
water from the tap to the dish in order to avoid 
fractures in the paper which might occur if 
the prints were hit directly by the jet. A 
washing machine consists essentially of a per- 
forated metal drum, the axle of which is mounted 
horizontally on bearings fitted to an overflow 
tank, in the inside of which it is kept rotating 
either by an electric motor or by the fall of the 
supply water on to the paddles of a water- 
wheel connected with the drum itself. A 
secondary flow of water is generally directed 
through the perforations to prevent the prints 
from sticking to the drum. With such machines 
there is often a risk of the prints becoming tom 
or creased if an attempt is made to wash 
large-sized prints, while prints on stiff supports 
are often scratched when washed by this 
method. Continuous washing machines are 
available for prints made on long lengths of 
paper, or for separate prints held between two 
endless belts or aprons of permeable material. 

Another method for washing prints, parti- 
cularly useful for large prints, in which the 
consumption of water is reduced, is the cascade 
washer. A number of tanks are arranged in 
tiers, the water flowing from one tank into the 
tank immediately below (arrangements should 
be made to prevent the prints being carried 
over by the current of water). When removed 
from the fixing bath, the prints are placed in 
the lowest tank and are transferred progressively 


through the various tanks, so that S3^tematic 
washing is ensured (the prints are moved in the 
opposite direction to the flow of water). 

If the same set of tanks is used to wash the 
prints from several sets of printers, it is an 
advantage not to mix the different batches, 
thus simplifying the sorting of the prints after 
drying. In this case each batch may be identi- 
fied, until after drying, by means of a piece of 
material numbered with indelible ink which 
accompanies the prints of each batch in the tanks 
and in the drying apparatus. 

Before the prints are dried it is a good plan 
to remove all foreign matter (pieces of paper, 
particles of gelatine, dust, etc.) from the surface 
of the prints by wiping them with a large soft 
spbnge (an ordinary or rubber sponge) which has 
been well soaked in water and squeezed almost 
dry. For this purpose, the prints may be laid on 
the flat bottom of a developing dish tilted 
against the side of the sink ; at the same time, 
the greater part of the superficially adhering 
water is removed, and the time required for 
drying is thus shortened. This precaution is 
most essential in districts where the water 
supply contains large quantities of lime sdts, 
which, during dr5dng, are liable to form whitish 
streaks on the surfaces of the prints; if such 
lime deposits appear in spite of wiping over with 
a sponge, a small proportion of hydrochloric 
acid (i per cent) should be added to the last 
wash water. 

759. Drying of Pi^ier Prints. The old method 
of drying paper prints was to hang them, 
by one or two comers, according to their size, 
with clips on to lines stretched either between 
the walls of a well-ventilated room, or fixed to 
a frame which is fitted to the wall or hung from 
the ceiling by cords passing ov^r pulleys. When 
dried by this methc^, prints may tend to curl 
up or roll into small tubes, and the process of 
flattening them out involves an additional 
manipulation, during which cracks in the coat- 
ing are sometimes produced. Prints may be 
flattened by passing the back of the print under 
the straight edge of a hard ruler, using a single 
continuous movement, as any hesitation geher- 
ally produces a crease in the print. Also there 
are flattening machines in which the prints are 
inserted between two endless aprons passing 
at a fairly sharp angle round a return roller 
of very small diameter. 

One can also proceed as follows. Place 
together two prints of the same size face to 
face; using a sponge, out of which as much 
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water as possible has been squeezed, the backs 
of the two p>rints are dampened and the prints 
afterwards placed between clean blotting paper ; 
when a certain number have been pil^ up in 
this way, they are put under pressure in a 
copying press for a few minutes. It is true that 
the gelatine forming the support of the image 
could be kept moist by dipping the prints, 
before drying, in water containing a little 
glycerine, but if this remedy is applied the risks 
of deterioration of the image under the influ- 
ence of impurities in the air is considerably 
increased. The method of drying prints by 
suspending them freely is therefore usually 
confined to prints on non-emulsion papers (such 
as salted papers, ferro-prussiate papers, etc). 

760. The usual method of diying papers 
coated with emulsion is to lay them emulsion 
downwards on a support which allows of free 
access of air, such as stretched linen, butter 
muslin, or galvanized wire netting. If necessary, 
drying may be hastened by a current of warm 
air. When the amateur has only a very small 
number of prints to be dried, they should be 
first pressed between blotting-paper, and then 
placed emulsion downwards on dry sheets of 
fluffless blotting paper. Blotting cards generally 
give much longer service and are therefore more 
economical in use ; when not in use they should 
be protected from dust. 

When a large number of prints are to be 
dried, a drying cupboard is generally employed. 
The cupboard is fitted inside with sliding frames 
covered with cloth or wire netting (the frames 
with wire netting should be kept for prints 
that have not been toned) ; if a sufficiently 
large number of supplementary frames are 
available, they can be fiUed with prints outside 
the drier and placed inside as the frames con- 
tahmg the dry prints are removed. Such a 
(kier is sometimes fitted with a glass door, 
while the sides of the cupboard may be fur- 
nished with ventilation holes at the top and 
bottom, covered with fine gauze to keep out 
dust. The temperature of the air inside the 
cupboard is usu^y raised by electric resistance 
heaters and sometimes by gas jets under sheet 
iron ; a fan may be used to accelerate the flow 
of air through the cupboard. A drier which is 
less bulky when not in use may be made by 
stretching 'between two vertical walls (partition 
walls, furniture, etc.) pieces of cloth, each piece 
being mounted on an automatic spring blind 
xoUer, so that it rolls up when the free end is 
released. 


For the rapid drying of large numbers of 
prints continuous (hying machines are often 
used ; the prints are inserted one by one between 
two endless aprons or belts of porous fabric 
which are carried round a cylinder heated from 
the inside. The material generally used for 
the aprons is swansdoum-calico, one side being 
smooth, the other fleecy, such material being 
specially made for covering the cylinders of 
printing machines. At the end of the travel the 
prints emerge dry and fall into a box placed 
in position for the purpose. (C. Jellinek, 
igo8). 

In drying machines in which the prints are 
successively carried round two cylinders in 
opposite directions, creases are often produced 
as the direction of motion is changed, especially 
in the case of very large prints. 

Postcards may be cined by fitting them into 
wooden grooves, the distance apart of the grooves 
being slightly less than the length of the card. 
The carcis are then placed in the grooves so 
that the coated side is convex, thus counter- 
acting the tendency of the card to curve in 
the opposite direction. 

761. The gelatine of positive-paper emulsions 
is usually sufficiently hardened to be able to 
resist relatively high temperatures without 
damage. However, it should be remembered 
that there are certain papers, particularly 
glossy papers, (the gelatine of glossy papers is 
usually only slightly hardened, so that they 
can be “glazed” if desired) which cannot be 
dried emulsion downwards, particularly if 
a hot drier is used, without a previous hardening 
(alum) bath (§§460 and 701). Prints intended 
for the bromoil processes must never be hardened 
with alum. They may be dried by laying them 
on a pad of blotting paper and fixing the comers 
with clips or drawing pins. 

The operation of hastening the drying by 
heat often brings about a modification in the 
tones of prints on print-out paper and on prints 
which have been developed or toned to warm 
tones ; it nearly always causes a slight alteration 
in the appearance of the surface, so that when 
quality is more essential Uian speed, methods 
by wluch the prints are dried in less than half- 
an-hour should be avoided. 

Prints should be removed from the driers 
before the gelatine becomes over-dried, especially 
if the drying is hastened by a current tk warm 
air, as the gelatine tends to become brittle and 
curling of the prints is only prevented wirii 
great difficulty. Immediately the prints are dry* 
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but while they are still supple, they should be 
piled up on top of each other, and can be slightly 
weighted without any risk of their adhering to 
each other. Special care should be taken to place 
^1 the prints of the same pile the same way up, 
i.e. facing in the same direction, otherwise, 
if the drying has not been quite sufficient, two 
prints with the emulsion surfaces in contact 
would stick together. 

762. Rapid Drying of Prints. In cases where 
prints have to be delivered in a great hurry, the 
rate of drying may be considerably increased 
if the print is immersed for a few minutes in a 
bath of methylated spirits (§520) after the 
final wash water. When the water has been 
displaced by the spirit throughout the thickness 
of the paper, a fact which can usually be verified 
by the tranriucent appearance presented by the 
paper when examined from the back, the prints 
are squeegeed to expel the alcohol and pressed 
between blotting paper; they are then dried 
by heat, using the drying apparatus at its 
maximum temperature. 

When only a very few prints have to be dried 
in the shortest time possible, they may be 
bathed in alcohol, pressed almost dry between 
blotting paper, and then singed one by one. 
For this purpose, the print is held by a lower 
comer in an almost vertical position, the upper 
corner being held to a blue gas flame, or to a 
match ; the alcohol with which the print is still 
impregnated will then burn, the flame gradually 
creeping down the print. When it arrives about 
half-way the print is quickly turned round, 
taking hold of the corner at which the alcohol 
was originally lighted, with the free hand. The 
flame then spreads upwards until it reaches the 
corner which was originally held in the hand. 
When the operation is properly carried out there 
is no risk of burning either the print or the 
fingers. 

763. Deformation of the Image during Wash- 
ing Drying. All papers tend to stretch when 
wetted and to contract during drying, the final 
dimensions being usually less than the initial 
dimensions. In the case of machine-made 
papers— and photographic papers usually come 
within this category— the variations in lex^h 
and breadth are not proportional to the original 
dimensions of the piece of paper. In such papers 
the fibres tend to lie in a dnection parallel to the 
length of the band of paper, so that although 
the fibres themselves sw^ when wetted their 
le]^h remains practically constant. To deter- 
mine the direction of the fibres of a paper a 


small disc is cut out of it and floated on water 
(in the case of papers coated with an emulsion 
the plain side of the paper should be in contact 
with the water). If this is done the paper is 
seen to curve inwards in the form of a portion of a 
cylinder; the direction of the fibres, that is, 
the direction in which the dimensions are 
practically constant, is that of the generators of 
the cylinder, i.e. the straight direction. 

The expansion which occurs when the paper 
is wetted, and which varies from one pa^r to 
another, and even for the same paper dried to 
the same extent, may amount to 2*5 per cent 
of the width of the paper and 0*5 per cent of its 
length. When dried with free access of air, the 
contraction, relative to the initial dimensions, 
may attain i per cent of the width and 0*5 pw 
cent of the length. When the same paper is 
alternately wetted and dried several times, 
similar variations occur each time, their magni- 
tude often being slightly greater but soon reach- 
ing a limit. 

In ordinary photographic practice, these 
variations in the dimensions of photographs 
were particularly important at the time when 
photographs were mounted by the wet process ; 
the prints were fixed in position by the mountant 
when expanded to their fullest extent, app^- 
ciable deformation thus resulting. In that c^, 
one endeavoured to place the subject in relation 
to the paper in such a way as to minimize the 
effect of the deformation, for example, by length- 
ening a very stout sitter, or broadening a person 
who was rather thin. The use of dry-mounting 
processes, has now allowed the deformation of 
the image to be sufficiently reduced so as to be 
no longer a source of difficulty in purely artistic 
work. 

In all cases where measurements have to be 
made on photographic images,* paper prints are 
usually avoided. If, however, great accuracy is 
not essential, two scales may be printed on the 
margins of the sheet of paper, parallel to two 
adjacent sides, and measurements relative to 
these scales may be taken. 

For work requiring precision, paper coated t>n 
the back with plain g^tine may be used. 
Before printing, the paper is expanded by 
soaking in plam water for scmie time, and is 
then laid emulsion upwards on a sheet of plate 
glass; any air bubbles and excess of water are 
expelled, and the whoki is then left to dry. 
O^g to the adherence of the gelatine, thej^p^ 
remains fixed at its maximum distension. Wnen 
developed mid dried, the image will have 
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exactly the same dimensions at the latent image 
(H. Roussilhe, 1922). 

764. Glazing and Enamelling of Prints. The 
processes of glazing and enamelling, when 
applied to prints on glossy paper, considerably 
increase the clarity of the details of the image. 

The enamelling process, which was formerly 
applied to prints on albumen or collodion paper 
is no longer used. A sheet of flawless plate-glass 
was thoroughly cleaned, dried, and coated with 
a layer of an approximately i per cent solution 
of collodion. When the collodion had set, a 
solution of gelatine was run on top, and the print 
applied emulsion downwards on the gelatine 
solution, the excess being removed with a flat 
squeegee. A sheet of stout paper was applied 
to the back of the print by the same method, 
and turned over to adlow the weight of the glass 
to keep the whole in place. When thoroughly 
dry, a cut was made with a penknife, and the 
print could be removed coated with a layer of 
collodion as highly polished as the plate-glass on 
which it has b^n moulded. 

Si mi l ar results, although not as lasting, are 
obtained more simply by glazing prints on 
gelatine-coated papers. The print is applied 
while wet to a sheet of plate-glass, pohshed 
celluloid, or a piece of japanned iron plate 
(ferrotype plates). If the operations have been 
cowectly carried out, the prints may be detached 
quite easily when completely dry. The gelatine 
surface is then as glossy as the support with 
which it had been in contact, but if damped 
afterwards at any time it loses its glaze. 

An essential condition for the success of the 
operation is the absolute cleanliness of the 
glazing sheet, which must therefore be thor- 
oughly washed in plenty of water whenever seen 
to be dirty. The cleaned and dried sheets of 
plate-glass are polished with talcum powder 
(FrenA chalk), the excess of powder being 
removed. Ferrotype plates are polished with a 
flannel on which a few drops of a thin polish 
have been poured, and then finished off with a 
dry pad of flannel or chamois leather. (A suit- 
able rolish is prepared by pouring about 50 g of 
paraffin, white wax, or spermaceti — smelted by 
holding it against a hot iron — into i litre of 
crystaUizable benzene or light mineral petro- 
leum. Plate-glass, as well as ferrotype plate, is 
sometimes jxuished with a pad of cloth on which 
a little very dry white soap has been rubbed.) 

A glazing or strippnng solution, in which prints 
are soaked for a minute or two immediately 
before being laid on the glazing sheet may be 


used. Such a solution consists usually of 
purified ox-gall. This evil-smelling product can 
be replaced by its active constituents sold 
under the name of industrial biliary salts (a 
mixture of about 75 p>er cent of glycocholate 
and 25 p)er cent of taurocholate of s^ium) to be 
used in aqueous solutions at concentrations of 
from 0*5 to i pjer cent, or (A. Seyewetz, 1936) 
by all other substances reducing the surface 
tension of the water such as wetting agents 
or solutions of about i pei cent strength of 
various sulphonated fatty alcohols (Ocenol, 
Lord, Igepon, etc.). 

Immediately they are washed, the prints are 
applied emulsion downwards on the polished 
surface of the plate-glass or the ferrotyp)e plate, 
wliich is placed flat on a table. (In very hot 
weather the risk of the prints adhering to the 
supjx)rt completely is lessened by first allowing 
the prints to dry and afterwards wetting them 
by a short inunersion in plain water before 
glazing.) After covering with a piece of cloth 
or parchment pap)er which has been previously 
wetted, bubbles of air and the excess of water 
are exj)elled with a soft rubber roller or a squee- 
gee, working from the centre towards the edges. 
Any excess of moisture is then removed from 
the back of the print with blotting pap)er, and 
the whole allowed to dry by itself. The process 
of drymg may be accelerated by placing the 
sheets in a warm oven. Trays, linen sheets, or 
sheets of clean paj>er should be placed so as to 
receive the prints should they detach themselves 
spx)ntaneously. 

When large-size prints are being glazed it 
happens that the comers, being the first to dry, 
loosen sp)ontaneously, so that the image has 
iridescences at the edge of the p)arts prematurely 
freed. As glazing plates are placed horizontally 
each corner can be weighted with a small piece 
of metal, or the drying of the comers can be 
retarded by laying on them pieces of wet 
blotting p)aj>er. 

When larp numbers of prints are to be 
glazed, glazing machines may be employed; 
the^ resemble drying machines in their general 
design. The prints are placed emulsion upwards 
on an en^ess belt which applies them against 
a chromium-plated cylinder. The dmm is 
h^ted, usually by electric resistances, from 
within, and slowly rotates, so that prints may 
be continually fed on to the machine. 

The prints must not be too wet if they are 
to be glazed by heat, for the water evaporating 
between the hot metal and the gelatine coating 
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can leave mat spots. The best results are 
obtained with machines fitted with a device 
for pohshing the cylinder at each revolution, so 
as to remove traces of gelatine or salts from the 
water remaining from previously treated prints. 
If this is not done mechanically, it is easily 
done by hand, and is necessary for the best 
results. When the water contains much lime 
the acid to be used in the last wash water 
is acetic acid which is almost inert as regards 
chromium-plated surfaces. 

Prints glazed at an excessive temperature 
often lose contrast and undergo a change in 
colour tending towards yellow. The finer the 
reduced silver the greater these changes are. 
These phenomena are sometimes accompanied 
by the beginning of reticulation. 

765. Facing the Prints with Cellophane. The 


picture surface of a photographic print can be 
protected by a transparent sheet of Cellophane 
(regenerated cellulose) of the kind used for 
packing some food products. A sheet of Cello- 
phane is distended by immersion in cold water 
for at least 5 minutes and is then applied to a 
glazing sheet. A print that has not been har- 
dened is applied with the emulsion surface 
against the Cellophane. (In the case of a har- 
dened print the gelatine is softened by immersion 
for about 10 ‘minutes in tepid water, which 
should be warmer the harder the paper.) The 
whole is kept under pressure beneath some 
sheets of blotting paper until the next morning, 
when it is lifted by a corner and trimmed 
(J. L. Sheldon, 1931). Before removing the 
print ■ from the glazing sheet a cloth may be 
pasted on the back of the paper. 


30— (G.3630) 



CHAPTER XLIII 

THE PRINCIPAL FAILURES IN MAKING POSITIVE PRINTS ON SILVER PAPERS 


766. PreUminary Note. Before enumerating the glass support and the negative, or between 
some of the failures which may occur in the the negative and the paper, or by opaque spots 
various stages of the production of positive (fragments of gelatine, etc.) on the back of the 
prints, the reader should realize that the great negative. 

majority of failures are entirely due to mistakes Cracks in the Paper or Sensitive Coating. The 
made, often unconsciously, by the worker prints have been rinsed or washed under a too 
himself (§ 522). violent jet of water, or the wet prints have been 

The failures aJready described in connexion handled incorrectly. Large sheets of paper 
with the production of the negative need not be should be lifted by one comer, and the strain 
repeated here, but they apply as such when taken off by lifting also the opposite comer. A 
printing on development papers. print should never be held by the middle of one 

It ^ould also be borne in mind that any of its sides, 
defects in the negative are necessauily repro- White Spots Appearing During Fixii%g. Local 
duced on the positives made from them, and solution of the silver image by particles of rust 
are even occasionally exaggerated to a certain suspended in the fixing bath (especially in a 
extent. used bath) due to iron or cast-iron pipes or to 

767. Failures Common to Various Printing the vessels (iron casks, etc.) used for the storage 
P roce s ses. The Outlines of the Image are and handling of hypo. 

Doubled, The printing paper has shifted in Blisters. Blisters which occur during the 
relation to the negative dunng printing. This manipulation of paper prints consist of pockets 
occurs with print-out paper as a result of of gas or liquid between the actual paper and 
insufficient pressure during inspection of the the layer of emulsion. The first can be caused 
image while printing. by transferring prints on development paper 

Lack of Sharpness in Parts of the Image, from a developer which is very rich in carbonate 
Localized defective contact between the negative to a very acid stop-bath or fixing bath without 
and the sensitive material, chiefly caus^ by intermediate rinsing. They may be formed 
warpii^ of the back of the frame or printer, by using water supersaturated with air (very 
badly-fitted hinges, inequalities in the tluckness cold water under high pressure), which, on 
of the cloth or fdt with which the back is attaining the temperature of the atmosphere, 
covered, or, in the case of transparency plates, liberates the excess of dissolved air in the form 

by imp^ect flatness of the surfaces in contact, of bubbles in the substance of the paper, 

llie effect of defective contact is exaggerated Blisters, which consist of pockets of liquid, are 

by printing in diffused light and lessened if a usuaUy formed during the washing which 

pomt-^source of light is us^. immediately follows fixation in a veiy concen- 

General Lack of Sharpness, The negative has trated bath, especially on papers coated with 
been placed in the frame or printer back to insufficiently tanned gelatine, the water pene- 
frimt, the positive material being in contact with trating into the gelatine faster tiian the thio- 
the support. The picture is then reversed. The sulphate solution can get out. Any factors 
thicker the negative, the more marked is this which tend to weaken the gelatine locally, 
defect ; it is lessened if the printing is carried increase its permeability, or lessen its adherence 
out with a point-source of light in a fixed position to the support (contact witii warm hands, folds, 
relative to the native. kinks, and creases in the J^t)> favour the 

No Imojge Appears, or only Very Faint after formation of these blisters. This tendency can 
a Long Time, The back of the sensitive paper be reduced by properly tanning the gektine 
has bm placed in contact with the negative. before or during fiction (the use of alum is 
Light Spots of Irregular Shape. Light or effective even for collodion papers, as it hardens 
sriiite marks may be caum by a shadow riirown the gelatine of the baryta coating), and by 
on the firame during printing, by the presence avoiding very sudden changes of temperature 
of foreign bodies (pieces of pap^, bits of the and concentration in the handling of the 
doth or felt of the pressufe pad, etc.) between prints. 

44 « 
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When blisters have occurred, the paper at the 
back of each blister should be pierc^ with a 
fine needle, or, in the case of gelatine prints, 
and if the washing is finished, they should be 
placed in a bath of equal volumes of water and 
denatured alcohol, finally soaking in pure 
denatured alcohol. 

Sticking of Gelatine Prints to Glass or Ferro- 
type Plates. The glass or ferrotype slabs were 
not properly cleaned, or the gelatine was exces- 
sively swollen when putting prints on the plates 
(insufficient tanning, washing in water which 
is too warm), or the prints (on the plates) were 
dried at too high a temperature. 

Mat Patches on Glazed Prints. These patches, 
small and circular, or large with irregular out- 
lines, are due to bubbles of air which were not 
expelled when laying down the prints, and thus 
have prevented contact between the gelatine 
and the polished surface. When glazing on 
plate-glass, these air bubbles are easily visible 
through the back of the glass, as they form 
patches which are more glossy than the parts 
where there is perfect contact. If the print is 
examined in this way, after it has been put on, 
such bubbles can be easily expelled at the time, 
or the print applied afresh after re-wetting it. 

Gradual Deterioration of Prints. A slow 
deterioration of prints may be due to bad fixa- 
tion or insufficient washing. In the two follow- 
ing paragraphs the nature of such changes on 
print-out papers and on development papers 
is considered. In addition to these causes, 
changes in the image may be due to impurities 
in the mounts and in the mountants themselves 
(the presence of hypo in the pulp of the mount ; 
acid glues to which hygroscopic materials have 
been added). 

768. Failures with Print-out Papers. Bronzing 
of the Shadows. The formation of a reddish- 
brown or metallic film on the dense parts of a 
print on print-out paper (particularly on col- 
lodion papers or paj^rs v^ rich in silver) is 
usually due to prmtin^ from a very contrasty 
negative and attemptmg to obtain details in 
the high-li|hts, the shadows being consequently 
considmbTy over-exposed. If the metalliza- 
tion is not very pronounced, it often disappears 
during toning and fixation, especially udien the 
treatment brings about a marked weaken- 
ing of the image ^tlus does not occur with self- 
toning papers whidi have been treated with a 
salt bath). The metallic bronze on a print is 
often reduced by treating the surface with a 
wax or paraffin polish (A. Steigmann, 1925). 


The Image as a Whole Refuses to Tone. This 
occurs only with separate toning baths, whto 
the gold is exhausted, or when various impurities 
(hypo, sulphite, etc.) have gained access. 

Parts of the Image Refuse to Tone. The parts 
which refuse to tone are not wetted by the 
solution owing to the presence of greasy spots 
(irregularly-shaped marks due to ffiiger-prints) 
or circular spots due to air bubbles. 

Brown or Black Stains. Local formation of 
silver sulphide by contact with traces of hypo 
from the fingers or a badly-washed dish. 

Patchy Tones on Prints. The prints have 
adhered to each other during the toning or, 
when toning and fixing in separate baths, the 
prints have not been washed (or insufficiently 
washed) before toning. 

Reddish Prints on Self-toning Papers. Too 
long washing before fixing. Self-toning papers 
should not usually be washed before fixffig (or 
before treatment with salt solution), as wariiing 
removes the necessary toning materials. 

Prints are too Pale when Fixed. Printing 
has not been carried far enough through failing 
to take into account the loss in depth which 
nearly always occurs, but to an extent which 
varies with the paper and the treatment used. 

Pinkish Stains on the Dry Prints. Th^ are 
generally caused by alkaline dust falling on the 
print while it is still damp. Powdered chemicals 
should always be handled and weighed out away 
from the place where processing operations are 
carried out. Such stains sometimes disappear if 
the print is washed in water which has been 
slightly acidified with hydrochloric acid, followed 
by a brief rinse in pure water. 

Loss of Tone During Glazing or Dry Mounting. 
The print has been heated to too high a tempera- 
ture. 

Gradual Fading of the Ima^i after a Time. If 
the light tones become greenish or yellowirii, it 
is usi^y due to the use of a combined toning 
and fixing bath containing no gold, or used after 
the gold had become exhausted, toning then 
being entirely due to sulphiding. 

Gradual fading of the image is gener^y 
caused by incomplete removal of the hypo, 
which, under the influence of the o^gen and 
moisture of the atmosphere, rives rise to sul- 
phuric add, which attacks me silver image. 
A gradual discoloration of the whites of me 
print is usually due to incomplete fixation 
(use of an exhausted fixing bath). 

769. Fattiires with Devdopment Papeca 
Genered Fogging of the Image. General fog may 
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be caused by storing the paper under bad condi- 
tions; by omission of the bromide from the 
devdoper (in these two cases, the margins are 
usually fogged); by wrong adjustment of ex- 
posure to development; or by printing a soft 
negative on an insufficiently contrasty paper, 
the working conditions having been adjusted 
with the object of obtaining full blacks in the 
shadows of the picture. 

The Image has Detail but no Strength. Print- 
ing a soft negative on an insufficiently contrasty 
paper, the conditions having been adjusted to 
obtain pure high-lights. 

Grey or White Streaks. Too long development 
of an under-exposed print; paper kept in a 
damp place. With gaslight papers, white or 
light-coloured markings, especially if the paper 
is damp, may be caused by using a developer 
containing an insufficient quantity of carbonate. 

Mottling: Uneven Density of the Image. 
Considerable under-development of an over- 
exposed print ; paper kept in a damp place. 

Greenish Blacks. Insufficient development in 
an attempt to compensate for over-exposure or, 
on chloride papers, an unsuitable developer 
formula. 

Yellowish or Broumish Tones. Over-exposure, 
excess of bromide in the developer, or the use 
of an exhausted developer. 

Brown or Black Stains. The paper has been 
touched with fingers impr^ated with hypo, 
or has been placed in a dish which has been 
used for fixing and not properly washed after- 
wards. 

Yellow or Brownish Stain on the Margins and 
Whites of the Image. These stains are 
caused by the oxidation products of the devel- 
oper in a stale developer or in a neutral fixing 
bath in which developer from previously-fixed 
prints has accumulated. Local staining by 
oxidation products of the developer can arise 
from parts of the image not being completely 
immersed in the fixing bath. They may also be 
caused by silver which has been reduced in a 
veiy finely-divided state by the same process 
which leads to the formation of dichroic fog 
(§525) on negatives or transparencies, when 
too warm a developer or a developer which is 
too rich in sulphite is used (particularly on 
chloride papers), or by attempting to force the 
development of an under-exposed print. 

Smm Light Spots with Sharp Circular or 
OvalOuiUnes. Air bubbles adhering to the paper 
during development. 

Black or Dark spots. These spots often occur 


on a print which has been fixed face downwards, 
and under which air bubbles have been im- 
prisoned. Access of the fixer is obstructed, and 
the developer absorbed in the gelatine coating 
allows development to continue in these parts. 

Powdery White Deposit on (he Dry Prints. 
The use of wash water containing much lime 
(in this case, finish off the washing with a little 
“ soft ” water, i.e. boiled or spring water) ; or 
the prints have been fixed in a bath containing 
alum in which precipitation of aluminium 
sulphite has been caused by neutralisation of 
the bisulphite. This deposit \^all disappear 
if the print is left in a 5 per cent solution of 
anhydrous sodium carbonate for some time, 
and then washed in pure w'ater. 

Bloom or Bronzing of Shadows in an Old 
Print. Slow action of the hydrogen sulphide 
(which is always present in small proportions 
in the atmosphere of towns) on the silver of 
the image. The print should first be cleaned, if 
necessary, by gently rubbing it with a wad of 
cotton wool soaked in petrol, followed by 
alcohol. It is then washed and sulphide-toned 

(§§736-41)- 

Yellow, Brown, or Purplish Spots appearing 
after Some Time on the Finished Print. Such 
stains, which are caused by incomplete fixation, 
may consist of silver sulphide formed from the 
silver thiosulphate left in the gelatine, or may 
be due to coloration, by light, of the silver 
chloride or bromide which has not been removed 
in parts of the coating, being protected from the 
action of the fixer by air bubbles or by adherence 
of prints which have not been kept moving 
sufficiently during fixation. 

Gradual Bleaching of the Image, Starting in 
the Light Tones. Formation of yellowish-white 
silver sulphide, usually due to hypo left in the 
gelatine by incomplete washing: sulphur de- 
posited in the gelatine by a decomposing fixing 
bath (milky bath) ; presence of hypo in the pulp 
of the cardboard on which the print has been 
mounted combined with action of atmospheric 
hydrogen sulphide. It is sometimes possible to 
restore such prints as follows. Clean them with 
a tuft of cotton-wool soaked first in petrol and 
then in alcohol; then place in a fixing bath 
containing alum, and wash thoroughly. If the 
%hts are slightly stained brown or yellow by 
silver sulphide as a result of the slow decom- 
position of the silver thiosulphate remaining 
alter bad fixation, they should be left for some 
time in a 2 per cent solution of potassium or 
sodium cyanide and again rinsed. Next, treat 
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the prints with a solution containing potassium 
permanganate (o-i per cent), hydrochloric acid 
(i per cent), rinse briefly, and re-develop the 
image in full light, finally washing in several 
changes of water. 

770. Failures in Sulphide Toning. Yellowish 
Tones. The print has been insufi&ciently devel- 
oped, usually following over-exposure. Occa- 
sionally such photographs can be saved by gold 
toning (§ 742). 

Weak Prints, especially in the Light Tones. 
When bleaching with ferricyanide, the print 
still contained a little hypo (insufficient washing), 
thus forming a reducer ; or sulphiding has been 
carried out in a sulphide solution which was 


exhausted or oxidized and partially converted 
into hypo. 

Blisters. The use of too strong a si^phide 
solution, or too prolonged treatment in a solu- 
tion of the usual strength, the gelatine being 
considerably softened thereby. 

Blue Spots. Formation of prussian blue by 
the action of the ferricyanide of the bleaching 
bath on particles of iron from water supplied 
in rusty pipes; or, more rarely, on the iron 
particles existing in the paper pulp or in the 
baryta coating. These spots may be removed, 
after sulphide toning and washing, by immersion 
in a very weak solution of ammonia, followed 
by brief rinsing. 



CHAPTER XLIV 

PRINTING PROCESSES BASED ON THE SENSmvmr OF IRON SALTS 


771. General Notes. The ferric salts of organic reaction has already been used in certain toning 
adds (oxalate, tartrate, dtrate, etc.) are reduced processes as applied to silver images (§§ 745- 
to ferrous salts when expo^d to light. Potas- 50). 

slum ferricyanide is likewise reduced to the Papers sensitized with the various iron salts 
f^rrocyanide by the action of light. A consider- are very susceptible to the influence of damp 
able number of photographic processes based on (fogging, loss of sensitivity, etc.), and should 
these reactions were pointed out by Sir John therefore be kept in a very dry atmosphere. 

Herschel (1842) and have been perfected since Papers sensitized with iron salts are printed 
then by numerous photographic workers. in daylight or by a powerful artifldal light (arc 

Any reagent which will differentiate between lamps or mercury- vapour lamps), 
ferric and ferrous salts can be used to convert « 

the barely visible image formed by the photo- Ferro-prussiate Process 

chemical reduction into an image which is very 772. Connnerdal Photoprinting Papers. Ferro- 
easily visible. The following table indicates prussiate papers and cloths are still used in 
some of the reagents commonly employed for considerable quantities, for making blue-prints 
this purpose. from engineers’ and architects’ drawings in spite 

Ferric salts Ferrous salts 


Precipitate of Prussian blue 
Bluish-black precipitate 


The colloid is rendered insoluble 

In all cases where the differentiating reagent of the growth of the diazotype process (§ 839). 
gives a coloured predpitate with the ferrous salt They are sold in 10 to 20 yard rolls of thkty 
only, the reagent can be mixed with the ferric inches or forty inches width and are manufac- 
salt before sensitizing the paper, the reaction tured on machines which impregnate the surface 
then taking place partly during the exposure to of reels of paper with an aqueous solution con- 
light and partly in the first wash water (or in a taining a ^t of iron together with a soluble 
coaunon solvent of the salts used). A pc^tive ferricyanide or a mixture of the latter with a 
is obtained in this way if the print is ferrocyanide. The printing speed of the sensitive 
under a negative. If the differentiating paper so produced may vary according to the 
rea^t forms a coloured predpitate with the purpose for which it is to be used. In general, 
ferric salt, it should be u^ sepvately as a however, the depth of the colour of the resultant 
kind of d^eloper in which the c^t is placed image decreases as the printing speed of the 
without intermediate washing. In this way a paper increases. 

positive picture is obtained when the prixit is Ferro-prussiate papers are usually sensitized 
made under a positive. with ferric ammonium dtrate or with ferric 

A large number of other processes have been ammoniOm oxalate. The latter salt is to be 
suggested which make use of the ability of peferred for most types of paper, partly 
ferrous salts to reduce various metallic salts because it has a high photo-sensitivity, and 
(copper, mercury, ^Id, etc.). There are also partly because the concentration of ferric ions 
those processes whidi are basra on the diflferen- m solutions of this salt is low, and may be 
tial actions of ferricyanide and ferrocyanide on reduced still further by the addition of a soluble 
various metaUie salts (uranxam, etc.). This last oxalate. The use of a substantially non-i<»)ized 
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Precipitate of Prussian blue 
White precipitate 

Brown precipitate 

Black precipitate of reduced silver 

Black precipitate of reduced metal 


Potassiam ierric3ranide 
Potassium ferrocyanide 
Tannins, gallic acid . 
/f-naphthoquinonesolphonic acid 
Silver salts .... 
Platifinm, palladium salts, etc. . 
Gelatine, gum arable, etc. . 
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iron salt in the sensitizing solution results in a 
reduced tendency to premature reduction during 
coating and drying of the sensitized paper. 

Although ferricyanides are sensitive to light, 
the ferric salts employed have a sensitivity so 
much higher that the ferro-prussiate process may 
safely be said to be based upon the photosensi- 
tivity of the ferric salts alone. 

When ferro-prussiate paper is exposed to a 
source rich in blue and violet (sunlight, carbon 
arc, or mercury vapour discharge tube) there 
is an immediate change in colour from pale 
yellow or green to blue, the depth of colour 
developed for a given duration of exposure and 
concentration of sensitizing salts being depen- 
dent upon the humidity of the paper. Upon 
further exposure the blue colour bleaches and 
the paper becomes white. 

It is probable that the first action of light is 
to reduce some of the ferric salt to the ferrous 
condition, in which state it then reacts with the 
ferricyamde to form Prussian Blue, (ferric 
ferrocyanide). With commercial papers where 
the ferric salt is in considerable excess of the 
molecular equivalent of ferricyanide, continued 
exposure to light results in the formation of 
further ferrous salt which probably reacts with 
the Prussian Blue first formed to produce white 
ferrous ferrocyanide with the regeneration of 
ferric salt. 

The initial Prussian Blue image is somewhat 
soluble in water, more so in the presence of 
mild alkalis and of phosphates. Upon this 
observation is founded a class of quick printing 
ferro-prussiate papers in which a proportion of 
the ferricyanide in the coating solution is re- 
placed by some ferrocyanide under conditions 
where the Prussian Blue, formed by reaction 
between the ferrocyanide and the ferric salt, 
remains in solution. Papers coated with these 
mixtures are greenbh-blue to blue in colour 
before exp<raure. They are quick printing, be- 
cause the initial period of exposure in which 
the Prussian Blue image is formed has been 
eliminated. 

Printing (the production of phoUxopies) is 
carried out by exi^sing to light the coloured 
surface of the sensitive pa^, which has been 
^aced in contact with the ba^ of the tradng. 
When very large tracings have to be printed, or 
in a drawing office which turns out l^e 
numbers of prints, continuous printing machines 
are used. In su^ machines, an e^ess bdt 
carries the tracings to be printed, together with 
a band of leno-prusaiate paper, round a glass 


cylinder, which is illuminated from the inside. 
The paper is washed by jets of water, arranged 
on the same or on a separate machine, and 
finally dried between endless canvas belts 
passing round one or more heated cylinders. 

When the washing is carried out sheet by. 
sheet in a dish, it is advisable to do so in three 
or four washings, taking about lo minutes in 
all. The first wa^ water, which very quickly 
becomes turbid with excess of salts, should be 
thrown away almost immediately. A process 
which eliminates the washing of ferro-prussiate 
prints has been developed on a commercial 
scale in recent years. Prints are damped in a 
machine, similar to that used for the devdopment 
of diazotype prints by the semi-wet process, 
with a solution containing a soluble sdt of a 
metal (such as zinc) having an insoluble ferri- 
cyanide, together with a substance or substances 
capable of converting the sensitizing iron salt 
into a light-insensitive condition. 

Unless the print is greatly over-exposed or 
reversed, the image appears in white Imes on a 
blue background as soon as washing is com- 
menced. Water which contains large (quantities 
of calcium salts causes the formation of a 
deposit of yellowish basic iron salts on the image, 
and at the same time the image is weakaued 
by their alkalinity, the weakening becoming 
more pronounced if the washing is prolonged. 
These defects may be remedied by carrying out 
the final washing in water which has been 
acidified with a little hydrochloric acid, which 
lightens the whites and strengthens tlw blues 
of the image. This acid must on no accjount be 
added to the first wash water, as it causes the 
formation of a general blue fog. Hydrochloric 
acid treatment and the treatments mentioned 
below cannot be carried out in zinc dishes, as 
the metal is very rapidly attacked. 

Over-exposed prints, in which the lines are 
piore or less strongly blued, and prints which 
have undergone reversal, in which the lines are 
darker than the ground, may be restored to a 
normal condition by treating with an oxidizing 
solution (a very weak solution of hydrogen 
peroxide, sodium hypochlorite, potassium bi- 
chromate, persulphate, (ffilorate, etc., neutral or 
slightly acidified). Such treatment should be 
deferred until after the second washing at 
least, and sh^d be followed by washing in 
seve^ changes of water. 

If no diying iqjparatus is available, the prints 
are hung on nnes of coed or string, or are laid 
but on muslin-covered drying frames. 
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Most types of ferro-pnissiate paper yield prints 
which darken considerably during drying, ow- 
ing to atmospheric oxidation of the ferrous 
ferrocyanide formed on full exposure. Prints 
which have been intensified during washing by 
means of an oxidizing agent do not show this 
effect. 

Blocking-out is done with a paint-brush, using 
Prussian blue water-colour. White lines are 
added with a pen dipped in a 20 per cent solution 
of neutral potassium oxalate, thickened with a 
little gum arable (a 5 per cent solution of oxalic 
acid can also be used, but it causes rapid corro- 
sion of the nibs). Parts retouched in this way 
should be washed or at least briefly rinsed (with 
the help of a sponge), otherwise the blue colour 
is liable to re-appear after a time. 

As perspiration is always alkaline, one should 
avoid touching the dry prints with moist hands. 
The hands can be conveniently dried with talcum 
powder (French chalk) if necessary. 

Ferro-prussiate prints fade if exposed to bright 
light for a long time. They can be restored by 
keeping in the dark, especially if the atmosphere 
is damp. Fading is most pronounced if the 
prints have not been fully washed and therefore 
contain traces of ferric salts. 

A large number of methods have been sug- 
gested by means of which ferro-prussiate paper 
can be toned in various colours. The results 
obtained are usually disappointing. 

773. Tnie-to-^cale Process. A process origin- 
ate by F. and J. Dorel (1900) allows a relatively 
large number of copies (up to about 20) to be 
obtained from a ferro-prussiate print, the latter 
being used immediately ajUr its removal from the 
printing frame, and without washing. The lines 
are pr^uced on a white base in greasy inks of 
any desired colour, and the prints are free from 
the distortions and deformations which occur 
when a paper is wetted and dried. 

For the purpose a jelly is used (consisting of 
a strong solution of gelatine to which some 
glycerine, ferrous sulphate,^ ox-gall, an anti- 
septic, and a yellow, or white pigment have 
be^ added), which, after it has h^n melted on 
a water-bath, is run in a layer about y,, in. 
thick on to a wooden slab covered with thin, 
well-stretched zinc which has been roughened 
with gla85*paper to facilitate adherence. When 

> For oocafioiial uie, the addition of ferrous sulphate, 
a fuhatMice which oxidizes rapidly, to the jelly 
should be avoided ; when required for use, the gelatine 
layer should be sponged over with a fresh solution of 
feifotts sulphate (D. A. Spenoer, 1938). 


the jelly is properly set, it is ready for printing. 

The prints to be used for the purpose should 
be made on slow ferro-prussiate paper sensitized 
with a comparatively concentrated mixture in 
which the ferric salt should be in excess, giving 
clean and vigorous images, while over-exposure, 
and especially reversal of the image, should be 
avoided. 

The print from the printing frame is carefully 
laid face downwards on the surface of the 
gelatine mixture with one application, avoiding 
air-bubbles and creases ; good contact is assured 
by gently rubbing with a large pad of soft rags. 
After remaining in contact for about a minute, 
the paper is lifted off, and the gelatine quickly 
inked over with typographic or copper-plate ink, 
spreading it with a gelatine roller of the type 
used in letterpress printing. The ink adheres 
only to the parts corresponding with the lines 
of the image. The markings caused by creases, 
breaks, or stains on the tracing can be cleaned 
off with a damp sponge if necessary. Printing 
should be done on a well-sized pap>er, pressure 
being applied with a pad or a roller when the 
paper has been applied to the inked surface. 
After the paper has been removed, the ink can 
be dried with French chalk if the print is re- 
quired for immediate use. 

Normally, the gelatine is kept moist by the 
glycerine, and u^l not take the greasy ink. 
When the ferro-prussiate paper is applied, the 
excess of ferricyanide in the parts protected by 
the lines on the tracing is absorbed by the damp 
gelatine with which it is in contact, and, reacting 
with the ferrous salt, forms a blue line. The 
Prussian Blue, formed in this way, brings about 
tanning of the gelatine, which is then able to 
retain the greasy ink. 

Any corrections or alterations can be made on 
the image before it is transferred to the jelly. 
Lines which are to be erased can be covered with 
a solution of gum arabic; parts of the design 
which require modification can be covered with 
a p^t from a rectified tracing, using suitable 
register marks. If desired, the prints can be 
made on tracing paper, in which case the ink is 
reinforced with powdered bronze, which only 
adheres to the inked lines. Transfer inks can 
also be used for printing in conjunction with 
sp^ial papers which allow of the inked image 
being transferred to stone or zinc by the ordinaiy 
lithographic processes ; this method is used if a 
large number of copies have to be made. 

Printing having been done, the jelly is washed 
with a wet sponge to remove the adhering ink, 
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scraped wi^ a putty knife, and re-melted, 
together with a suitable proportion of fresh 
jelly, for use again. 

774. Printing on Ferro-prussiate Paper from 
Ordinary Negatives. The ferro-prussiate papers, 
as prepared for copying tracings, are, with the 
exception of the slowest varieties, not usually 
very suitable for making full-tone prints, and 
are only sold in quantities which are too large 
for ordinary photographic use, there being a 
great risk of such papers deteriorating before a 
roll is finished. Nevertheless, use may be made 
of these papers for record purposes, the prints 
forming a kind of " register ” of the negatives. 

The sensitizing of papers and cloths (linen 
and cotton) by the ferro-prussiate process, in- 
small quantities, can be carried out by hand, but 
commercial papers coated by machine are more 
uniform and are of higher printing speed. 

If required, a ferro-prussiate print may be 
drawn over with pencil or indelible ink, the 
image being then removed by immersing it in 
an approximately 5 per cent solution of oxalic 
acid, followed by washing in several changes of 
water. The same solutions can be used for 
sensitizing fabrics (linen or cotton) by immer- 
sion. The working methods are identical; the 
fabric should be stretched during drying, and, 
after printing and washing, should be ironed 
while slightly damp. 

Linen and cotton fabrics which have been 
“mordanted" by the formation of a ferro- 
prussiate image can be dyed quite easily. For 
example, a beautiful violet-purple tone is 
obtained with a bath of boiling alizarine dye. 
The image should then be washed in hot soap 
and water, rinsed, lightly starched, and ironed. 

Other Commercial Iron-printing 
Papers 

775. Cyanotype Paper. Cyanotype paper (H. 
Pellet, 1878) yields copies consisting of blue 
lines on a white ground when printed under a 
tracing. This paper, which is impregnated with 
a mixture of ferric salts and gum arabic, has a 
sensitivity comparable with that of the fastest 
ferro-prussiate papers, and, consequently, can 
only be handled in a very weak light. As the 
ii^e is only slightly visible before development 
(light yellow lines on a white ground), the print- 
ing is timed by means of trial strips exposed 
under a tracing of the same op^ty on which a 
few lines have been drawn in Indian ink, these 
test strips being developed one by one as 
printing proceeds. 


The print is developed without intermediate 
rinsing as soon as it has been removed from 
the printing frame, the paper being floated on a 
10 per cent solution of potassium ferrocyanide.^ 
The time of development should not exceed about 
30 seconds, otherwise the lines tend to spread. 
If placed in the developer, a sheet of unexposed 
paper would become uniformly blue, whilst a 
sheet which had been uniformly exposed to the 
sun for a few moments would remain white. 
Under-exposure is therefore shown by colora- 
tion of the ground, and over-exposure by a lack 
of depth of the lines. Care should be taken to 
avoid wetting the back of the paper during 
development; the four sides of the sheet of 
paper are turned up so as to form a kind of 
dish, which is floated on the bath, the hands 
being gently passed over the back of the paper 
to ensure uniform wetting at the under surface. 

After a short wash, the prints are fixed in a 
4 per cent solution (by volume) of sulphuric 
acid * or a 10 per cent solution of hydrochloric 
acid. This bath dissolves the gum which has 
not been rendered insoluble, and at the same 
time washes away the white ferrous ferrocyanide 
formed in the lines of the image, and which 
would gradually turn blue on oxidation. The 
final washing should be done with a strong jet 
of water, or, failing this, the print should be 
brushed under water to dislodge particles of gum 
arabic not removed in the acid bath. 

Cyanotype paper is useless for printing from 
full-tone negatives. 

776. Ferro-gallic Papers. Ferro-gallic paper 
(A. Poitevin, 1861) gives copies in purplish-black 
lines on a light ground when printed under a 
tracing. Its preparation differs very little from 
that of cyanotype paper, but the coating is 
slightly less sensitive. Printing is timed with the 
aid of test strips, developed as'printing pro^ds. 

Development is carried out, without inter- 
,piediate rinsing, as soon as the paj^r is taken 
from the printing frame, by floating it on a bath 
made up, for example, as follows — 

Ordinary alum . 15 g 

Gallic acid . . • 90g 

Water to make . 1000 g 

The gallic acid may be replaced by tannic acid 

^ Potassium ferrocyanide, K4Fe(CN)9, occurs as large 
lemon-3rellow crystals, easily broken up or crushed with 
very slight pressure. They are slightly efflorescent, very 
soluble in water (about 25 per cent at 6o”F), the 
solution so formed keeping almost indefinitely. 

* Care should be taken m mixing sulphuric acid with 
water. The add must always be added to the water 
and not vice versa. 
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A very small quantity of oxalic acid may be 
added to obtain purer whites. Development 
should last about thm minutes. Under-exposure 
causes the lines of the image to spread, the 
ground becoming deeply coloured; with over- 
exposure the lines are broken and faint. The 
ground is always tinted a light violet colour. An 
exhausted bath ^ves only a very weak image. 
The developed print is wa^ed in several changes 
of water ; a very dilute bath of hydrochloric acid 
used between two washings will often lighten 
the ground of aii under-exposed print. 

The copies should first be dried as much as 
possible by pressure between blotting paper, 
otherwise the lines tend to spread while 
drying. 

Ferro-gallic papers have been almost entirely 
replaced by diazotype papers. The only type 
of fcrro-gallic papers still occasionally used are 
those which only require washing in plain water. 
With such papers, the galhc acid necessary for 
develoinnent is applied, with polishing brushes, 
as a very fine powder on the surface of the sensi- 
tive layer as soon as the latter has been dried. 
The fii^ washing must then be carried out in a 
fairly small quantity of water so as to avoid 
excessive dilution of the very small quantity of 
gallic acid adhering to the paper. 

Ferro-gallic papers are not suitable for print- 
ing from full-tone negatives. 

Silver-iron Printing Papers 

777. Sepia Photo-copjring Papers. Sepia " 

g ap^ (H. Shawcross, 1889), which is prepared 
y soakdng thin translucent paper in a solution 
containing ferric anunonium citrate, citric acid, 
and silver nitrate, is widely used for making 
copies from ink tracings. Such copies, in white 
fines on a brown ground, may be used as nega- 
tives for making prints on ferro-prussiate paper. 
In this way it is possible to obtain copies in blue 
fines on a white ground with the latter paper. 
In this case printing is done by exposing the 
sensitive surfs^ of the ** sepia " paper in contact 
with the side of the tradng bearing the desi^, 
while the blue print is made with the sensitive 
surface in contact with the image side of the 
nmtive. 

The keeping properties of ''sepia paper are 
determined principally by the deterioration of 
the paper suppc^, the mechanical resistance of 
uhi^ is very quklcly reduced, especially at high 
temperatures. 

During the exposure to fight, the image 


appears gradually, and the printing can thus 
be judged by inspection. On remove from the 
printing frame, the paper is placed at once in a 
2 per cent solution of h3rpo, in which it is allowed 
to remain for about five minutes; it is then 
washed in several changes of water. Although the 
image does not appear very opaque, it absorbs 
nearly the whole of the radiations to which ferro- 
prussiate paper is sensitive ; its effective opacity 
is thus very much greater than its apparent 
opacity. 

Sepia paper negatives, made from tracings, 
are occasionally used for process work. 

As a rough indication, the approximate rela- 
tive times of exposure which are required to give 
prints on the various types of commercial 
papers used for the copying of tracings are given 
below. 


Cyanot^'pe paper lo 

Ferro-prussiate paper . 10-50 

Ferro-prussiate cloth . . 25 

Ferro-gallic paper (water bath) . 40-50 

Sepia paper ..... 25 


778. Kallitype and Imitation Platinum Papers. 
Soluble ferric oxalate is reduced to the insoluble 
ferrous oxalate by the action of light. The latter 
salt is a powerful reducing agent but, by 
reason of its insolubility, it is unable to reduce 
silver salts unless a solvent of this salt is added 
in the form, for example, of a concentrated 
solution of alkali oxalates or tartrates. 

This reaction may be used in three different 
ways — 

1. The paper is sensitized with ferric oxalate ; 
the image is developed with a solution containing 
both the silver salt and a solvent of the ferrous 
oxalate. 

2. The paper is sensitized with ferric oxalate 
to which a silver salt has been added. The 
image is developed with a solvent of ferrous 
oxalate (Kallity]^ paper). 

3. The paper is sensitized with a mixture of 
ferric oxalate, a silver salt, and a large excess of 
alkali oxalates. The image is developed in plain 
water by immersion or by steaming (imitation 
platinum paper; £. Boivin, 1891). 

We will confine ourselves in this instance to 
indicating the method of preparation and the 
use of a Kallitype paper, according to a modi- 
fication (N. C. Hawlu, 1916) of the original 
working methods of W. W. J. Nicol (z8^). 

A good quality drawing paper is given a 
supploosentary suing of starch, arrowroot, or 
gelatine (the paper being float^ on a 1*5 per 
o»t paste or somtioe) ; wh^n dry, it is coat«4 
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with the following sensitizer by means of a soft 
brush— 

Ferric oxalate . . . 225 g 

Neutral potassium oxalate . • 55 g 

Silver nitrate • 55 g 

Distilled water to make . . 1000 ml 

After drying, it is exposed to daylight until the 
outlines of the shadows are visible. 

According to circumstancesi a 2 per cent 
solution of potassium bichromate is added to 
the developer given below. This permits of the 
contrast of the print being regulated as required 
within wide limits, the contrast being increased 
as the bath is made richer in bichromate (medium 
quantity: 6 ml per too ml of the developer). 

Borax ... 50 g 

Sodium tartrate 60 g 

Warm water to make . 1000 ml 

The sodium tartrate may be replaced by 
Rochelle salt (sodium-potassium tartrate). The 
developer prepared in this way gives black 
tones; warmer tones may be obtained by 
reducing the quantity of borax ; the addition of 
a few drops of phosporic acid produces a purple 
tone. 

Development may be carried out in two 
baths, one containing the average quantity of 
bichromate, the other containing none (or very 
little). Development is begun in the first bath 
and continued in the second if the contrasts 
seem excessive. 

After development, wash for two minutes in 
plain water, and fix in a very dilute solution of 
hypo (about 3 per cent), made alkaline by the 
addition of a few drops of anunonia (being 
extreme^ dilute, the fixing bath should be 
renewed very frequently). Afterwards, wash in 
five or six changes of water, press between 
blotting paper, and put to dry. If iron salts are 
not completely eliminated during washing the 
image will fade. To guard against this prints 
should be rinsed, after washing in two baths of 
I per cent hydrochloric acid, and again washed 
before drying. 

The prints obtained in this way may be 
treated with any of the toning baths which are 
used for silver print-out papers. 

PLATiMinf-iRON Printing Papers 

m. Platinum Papm Pictures contisting of 
reau^ metallic platinum may be obtained by 
methods similar to those indicated in the two 
preceding paragraphs by using jpotassium chloro- 
idatinite mstead of sflver mbate. The com- 


mercial ''platinum'* papers were similar to 
kallit3q;>e paper in that they contained the fMc 
oxalate and the chloroplatinite and required 
developing in a solution capable of dissolving 
the ferrous oxalate formed (W. Willis, 1878). 

Unfortunately commercial platinum papers 
are no longer available, but it is possible for 
the keen experimenter to manufacture satisfac- 
tory papers of this type. A suitable method is 
given in § 780. 

Platinum prints, apart from the pigmentary 
quality of the image, which is not covered by 
any glossy coating, have the rare quality of 
being entirely unaffected by all the usual 
destructive reagents, that is, as long as the paper 
forming the support is able to resist them. 
Plitinum prints have been recovered intact 
from a sunken ship which was re-floated after 
several years. Unfortunately, the extremely 
high price of platinum considerably restricts 
the use of this fine printing process. ‘ ' Palladium’ ’ 
papers, with almost identical properties, have 
been used but even this metal reaches prohibitive 
prices. 

Platinum papers are extremely susceptible to 
damp, and were therefore usually supplied in 
metal tubes which had been heimetically 
sealed after desiccation. 

Platinum papers are only suitable for making 
prints from negatives of fair but not excessive 
contrast. 

Owing to their high sensitivity,^ platinum 
papers should only be handled in a very weak 
light, both when loading and unloading the 
printing frame, as well as when examining the 
progress of printing. 

llie sensitive surface of the paper is of 
lemon-yellow colour; the image appears as 
purplish-grey, inclining to a light orange-brown 
in tile densest parts of the shadows when fully 
printed. No details should be visible in the 
high-lights. 

Various toning processes have been suggested 
for platinum prints* ; the toned in^es, howevtf , 
no longer possess those qualities which dis- 
tinguish a print on platinum paper, and at the 

^ Failures have been known to occur when platinum 
papers have been used for making prints from negatives 
which have been mtensified with mercury (light marks 
appearing to coirWpond with a local denntisation). 

I Uranium toning (and similar processes) of platinum 
prints is not effected by attack hi the platinum, as In 
silver imam, the platinnin remaining unaltered in the 
toned im^, having merely played the part of a 
catalyst in the depcmtioii of the coloured fecrocyaidde 
(A. von Hftbl, 1895}. 
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same time are not of undoubted permanence. 
For these reasons the processes will not be 
described. 

780. Sensitizing Papers for Platinum Printing. 
The preparation of platinum papers having 
similar characteristics to the commercial papers 
formerly obtainable is possible, but such papers 
possess bad keeping qualities, and must there- 
fore be prepared in very small quantities at a 
time. The accurate weighing-out of small 
amounts of the materials of the sensitizing bath 
is a delicate master. 

However, the sensitization with ferric oxalate 
of a paper which is to be developed with a 
solution of potassium oxalate containing potas- 
sium chloroplatinite does not present any 
particular difficulty. The method given below 
is due to W. S. Davenport (1900). 

A smooth or rough paper, according to the 
size of the prints to be made, is chosen. Papers 
intended for water-colour drawings should pre- 
ferably be used. Although such papers are 
already sized, it is a good plan to apply an 
additional sizing in order to conhne the image 
to the surface of the paper. If this is not done, 
the image is partially buried in the substance 
of the paper base itself. 

Put 8g of white gelatine to swell in about 
I litre of water, melt on a water-bath, and add 
about 2 g of ordinary alum, hltering, if neces- 
sary, through closely-woven cloth. Pour the 
hot liquid into a dish, and float the paper face 
downwards on the solution after marking the 
back of the paper with a pencil. If necessary, 
the bath should be warmed up from time to 
time, so as to avoid over-sizing the paper, 
in which case there would be a risk of the image 
not adhering to it. After a few minutes in 
contact with the solution, the paper should 
be allowed to drain and then put to dry away 
from dust. 

The sensitizing solution should be prepared 
in weak daylight or in artificial light. For this 
purpose the following should be dissolved — 

Ferric oxalate scales . 25 g 

Oxalic acid • 2 g 

Lead oxalate^ . Jg 

Hot distilled water to make . 100 ml 


^The lead oxalate, which is necessary to aid the 
reduction of the platinum salt, should be pepared 
by mixing eqnal volumes of a xo per cent solution of 
acetate and a 4 per cent solution of oxalic acid ; 
a white precipitate of lead oxalate is formed, which 
shonld be colfected on a filter, washed several times, 
and then allowed to dry. 


The solution is then decanted or filtered, to get 
rid of small quantities of undissolved lead 
oxalate if present. 

The image will adhere to the paper more 
easily if a very little potassium chloroplatinite 
is added to the sensitizer, in very much 
smaller amount than that required to form a 
platinum image. For example, about i ml of a 
10 j)er cent solution of potassium chloroplatinite 
can be added to 10 ml of the sensitizing mixture 
given above. By this method very soft pictures 
can be obtained from contrasty negatives. 
The contrasts of a picture can be increased by 
adding to the same mixture a few drops of a 
10 per cent solution of potassium bichromate. 
When coating rough papers, which tend to 
absorb a larger quantity of liquid, the sensi- 
tizing solution may be slightly diluted. 

The sensitizer, contained in a small cup, is 
spread over the paper with a large brush (this 
should not have any metal binding) in the same 
way that a flat wash tint is applied to drawing 
paper. The paper should be dried fairly quickly ; 
it should be allowed to remain in the atmosphere 
of the room for about 20 minutes, drying then 
being finished off by hanging the paper near a 
stove or heater. 

Platinum papers are very susceptible to 
damp and the unused sheets should be kept in a 
dried atmosphere, for example in a tin fitted 
with a double bottom containing a drying 
material such as silica gel. When printed, the 
image is not strongly visible, and it is only by 
experience that one is able to judge what the 
appearance of the image should be when 
correctly printed. 

The developer is prepared by adding one part 
of a zo per cent solution of potassium chloro- 
platinite to 10 parts of a mixture such as the 
following — 

Neutral potassium oxalate 200 g 

Di-sodium phosphate 50 g 

Water to make xooo ml 

Some precautions should be taken to ensure 
uniformity of development, especially if only 
a very small quantity of liquid is used. A 
soft, i^eferably camel-hair, brush, about i in. 
to in. wide, should be used for the smaller 
sizes, while a 2 in. brush is essential for the large 
sizes. It should be moved over the picture 
with a quick, light movement, dipping it in the 
developer for each stroke so as to ensure an 
equal and uniform action of the solution. 

As soon as the print is uniformly impregnated, 
it is left until development is complete. 
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781. Fixing and Washii^. Platinum prints 
are fixed, without intermediate rinsing, in several 
successive baths of weak hydrochloric acid 
(15 ml of pure concentrated acid to i litre of 
water), in which the iron salts and the excess of 
chloropJatinate are removed. The prints should 
remain about 5 minutes in the first bath, 10 min- 
utes in th(; second, and 15 minutes in a third. If 


the operations have been carried out correctly 
the third bath should remain colourless. If it 
does not a further additional bath should be 
used. 

After fixing the prints should be washed for 
15 minutes in several changes of water, but they 
should not be pressed between blotting paper 
to dry as this sometimes causes stains. 



CHAPTER XLV 
PIGMENT PROCESSES 


General Considerations red crystals and is completely soluble in water. In 

782. Bichromated Colloids. Organic colloids the impure state it is unstable and is in the form 
of animal and vegetable origin (e.g. gelatine, of blackish-brown crystals which have an un- 
albumen, casein, gum arabic, shellac) and also pleasant odour and leave an insoluble residue 
some sythetic materials (e.g. some cellulose or when dissolved in water. It confers greater sensi- 
polyvinyl esters) may be rendered light-sensitive tivity in smaller amounts than do the mineral 
by impregnation with a bichromate. Light bichromates. However, the sensitized materials 
action on such sensitized materials renders them do not keep so well. It has been used principally 
less soluble in solvents which nonbally dissolve in the photo-chemical industry, 
them easily. For instance, bichromated gela- A simple solution of bichromate in water is 
tine which is easily dispersed in warm water quite stable. A solution to which organic 
before exposure, becomes virtually insoluble substances have been added will gradually 
in very hot water after exposure. Also, after turn brown if exposed to the air, and can then 
exposure these materials b^ome less inclined produce spontaneous hardening of gelatine, 
to swell in liquids which normally swell them The addition of ammonia or a caustic alkali 
easfly. For instance, bichromated gelatine which to a solution of bichromate changes the colour 
readily swells in cold water before exposure, gradually from orange to lemon yellow, by 
shows practically no swelling in cold water after converting the bichromate into a neutral 
exposure. chromate. Conversely, neutral chromates in 

These effects are utilized in many photo- solution can be converted to bichromates by 
graphic and photo-mechanical printing processes, the addition of acid. Even weak acids such as 
The hardening reactions which are brought acetic acid will do this, 
about by exposure to light also take place Ammonia is frequently added to solutions of 
slowly in the dark. Thus it is usually desirable the bicromates used for sensitizing gelatine up 
to add the bichromate to the colloid only to the point of forming the neutrsd chromate, 
shortly before it is required for use. The ammonium chromate thus formed does not 

783. Chromates and Bichromates. Either cause the spontaneous hardening of the gelatine 
potassium or anunonium bichromate is usually which occurs in bichromated gelatine. On 
used for sensitizing colloids. Sodium bichromate exposure to light the ammonium chromate is 
is difficult to purify and should not, therefore, first decomposed to ammonia and ammonium 
be used. bichromate, the sensitivity being then hardly 

PoU^ssiumBichr(male(KfiTfi^) is in the iom less than that of gelatine sensitized with 
of large orange crystals which are unaffected bichromate. The mixture of chromate and 

yjv exposure to air, soluble in water at 50°F to unpigmented gelatine is lighter in colour than 

the extent of about 8 per cent and in boiling bichromated gelatine. The image of brown 

water over 50 per cent. It is insoluble in alcohol oxide, which is as dark as with bichromated 

and is precipitated from aqueous solutions if an gelatine, is therefore more visible and this has 
appreciable proportion of alcohol is added. led many workers to assume that the addition 
^mMOffifM»»BM;Afoi9^((NH4),Cr|07)isin the of ammonia to bichromate solutions confers 
form of ciystals and is redder in colour than greater sensitivity. 

the ^tassium salt. It is unaffected by exposure 784. Physioloi^ Effects of Bichromatei. 
to air and is very soluble in water, over 20 per The chromates and bichromates are poi^nous 
cent at 60T and about 100 per cent at boilmg but their solutions are of suffidenUy ffistinctive 
point Aqueous solutions up to a concentration colour to prevent them being mistaken for 
of zo per cent can be mixed with nearly three drinkable liquids. Contact of any skin abra^on 
times thdr volume of acetone or alcohA with- with cold solutions of Chromates at thh strength 
out prediction occurring. normally used in photographic processes can 

Pyniine Bkh/rmate produce a painful sore or even a sedxm uleeri^ 

in w pure state, is in the form of stable orange- tkm. Any scratch should be protected by an 
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application of collodion or a fingerstall. In 
the event of accidental contact with the solu- 
tion, copious rinsing should be followed by 
washing with hydrogen peroxide which decom- 
poses the bichromate. 

The first symptoms of bichromate poisoning 
are generally shown by irritation between the 
fingers and on the backs of the hands. This is 
followed by the formation of watery pimples. 
The skin then becomes dry and peels oft in 
scales. The use of carbolic soap, with a lotion 
of carbolized glycerine and ointment containing 
mercuric nitrate, generaUy results in a rapid 
improvement. Regular scrubbing of the hands 
with carbolic soap is a safety precaution which 
should always be taken even by workers who 
have never been troubled by bichromate 
poisoning. 

785. ^ntaneous Hardening on K^ing. The 
same decomposition of bichromate into neutral 
chromate and chromium oxide which takes place 
in aqueous solution, takes place, although to a 
small extent, in a bichromated colloid layer 
which is air-dry. Fundamentally this is a 
similar effect to the tanning of gelatine by 
chrome-alum or the commercial chrome tanning 
of hides. The tanning of the colloid, which would 
be very rapid if it were treated with a solution of 
chromium oxide, is very slow because the 
concentration of chromium oxide formed in 
the layer by the decomposition of bichromate is 
extremely small. However, anything which 
tends to upset the equilibrium and cause 
further production of chromium oxide will 
accelerate the tanning which would otherwise 
proceed slowly and progressively with the age 
of the layer. Acceleration of this spontaneous 
hardening is caused by storage in humid con- 
ditions or at a high temperature. 

There are several ways of inhibiting this 
spontaneous hardening: (a) The addition of 
neutral chromate which tends to shift the equili- 
brium so as to inhibit the formation of chromium 
oxide. (6) Storage of the sensitized material 
in an atmosphere desiccated by fused calcium 
chloride. Hydrolysis appears to be impossible 
in a perfectly dry layer, (c) Stor^e in a refri- 
gerator. (d) Addition of an oxidizing agent 
such as potassium ferric3ranide which is more 
eas^y reducible than bichromate (P. C. Smet- 
hurst, 1^6). 

786. Action of U^t. In the presence of 
ozganic matter the m^omate is thou^t to be 
decomposed light action into neul^ chro- 
rnate^ which u $id»equently wa^ed out, and 


brown chromium chromate Cr|03.Cr09. During 
subsequent washing this is split up into chromic 
acid CrOg which is soluble and is washed away, 
and chromium oxide CrgOg which combines 
with the colloid and tans it. The insoluble 
image probably consists in combination with 
chromium oxide. The amount of water in a 
bichromated colloid layer has a great influence 
on its sensitivity. In liquid form or even in 
jelly form, bichromated gdatine has a sensitivity 
so low as to be negligible. A bichromated 
gelatine layer which has been stored for several 
days with calcium chloride, although it may 
still contain 5 per cent of free water is also 
almost insensitive. Maximum sensitivity is 
attained at a definite humidity. Temperature 
variations have little effect on the sensitivity 
provided they are not accompanied by changes 
in humidity. 

If two identical exposures are made on a 
bichromated colloid layer and one is washed 
immediately after exposure while the other is 
kept for some time before washing, it will be 
found that the sample which was kept is exactly 
as it would have been if it had had a longer 
exposure. This effect is somewhat similar to 
spontaneous hardening in the dark except that 
in this case the additional hardening is appro^- 
mately proportional to the exposure received 
by the layer at each point. The apparent incre^ 
of exposure in a print on bichromated gelatine 
which has been kept 6 hours before washing is 
of the order of 15 to 30 per cent. 

R. I'. Reed and P. W. Dorst (1932) stu(hed 
the spectral sensitivity of bichromated colloids. 
They showed that the sensitivity to the equal- 
energy spectrum was relatively high in the ultra- 
violet region, fell off rapidly at about 325 m^w, 
rose again to a maximum at 355 m/i (where 
the sensitivity is about ( of &at at 210 m^), 
fell off rapidly again at about 400 m/i and then 
more slowly until it became zero at 580 m/i. 

Since ultra-violet radiation of the shorter 
wavelengths is absorbed by glass, the eflective 
sensitivity in practice is in the wavelength 
band 355 m/«-400 m^. Thus it is necessaty 
to use light sources with a high output in this 
region and it is desirable to use printing frames 
with glasses as thin as possible. 

Chromates and bidiromates absorb ultra-< 
violet, violet, and blue radiation. The maximum 
absoiption of potassium bichromate is at 357*5 
m/A and of ammonlium bichromate is at 36^ mji 
(R. Titeica, 1935). The sensitized layer is m 
effect, a coloi;^ Alter layer which absorbs 
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radiations to which it is most sensitive. This 
has the effect of restricting penetration of the 
useful light and therefore the contrast of the 
print unll be strongly influenced by variations 
in bichromate concentration. A strong bi- 
chromate concentration will result in low 
contrast since the filtering action will be so 
pronounced that there will be little light 
penetration. 

The addition to a bichromated colloid layer 
of a metal salt which precipitates on contact 
with a chromate but not with a bichromate 
can confer a threefold increase in sensitivity. 
The mechanism of this effect was studied by 
F. J. Tritton (iQ2c)). The metal salt does not, 
itself, contribute to the tanning action but 
reacts with the neutral chromate which is 
formed during exposure and thus increases the 
tanning. The best results have been obtained 
with cerium and lithium which precipitate with 
chromates at /)H values between 8*o and 8 5. 
The p]A of the sensitizer must be maintained 
between these limits. 

Sensitometric studies have been made on 
bichromated layers containing no pigment 
(J. Boncek, 1935). on silver bromide positive 
plates sensitized with a bichromate solution, 
dried and exposed through the back (A. C. 
Hardy and F. H. Perrin, 1928) and on carbon 
pigment papers, i.e. papers coated with bichro- 
m^ed gelatine and a pigment such as carbon 
(A. Schuller, 1913, V. Richter, 1924) with 
particular attention to those used for photo- 
gravure (K. H. Kailich, 1939). 

The characteristic curves have the same 
general shape as those of silver-halide sensitive 
materials. Maximum speed and contrast are ob- 
tained with a bichromate content of about 
6 per cent (calculated on the weight of air-dry 
gmtine). 

For a given paper coated with a bichromated 
gelatine and containing a pigment, transmission 
densities are proportional to the thickness of 
gelatine, although the density for a given 
thickness of gelatine d^nds on the concentra- 
tion of pigment in the layer and will vary for 
different papers. The straight-line portion of 
the characteristic curve is very long. The slope 
of the curve increases for a decrease in bichro- 
mate concentration and is also dependent on 
the wavelength of the exposing light. Light 
which is al^rbed less by the bichromated 
layer gives a steeper slope. 

The exposure required is not exactly inversely 
proportkmal to the intensity of the exposing 


light. If the intensity is halved, a little more 
than double the exposure is required. 

Instead of sensitizing colloids directly with 
bichromates it is possible to sensitize the layer 
with various organic substances which can be 
photo-chemically reduced and whose reduction 
products will react with a bichromate solution, 
applied after exposure, to tan the colloid. For 
instance a gelatine-coated pa|>er sensitized 
with 2: 7-sodium anthraquinone disulphonate 
will keep indefinitely in the dark. After ex- 
posure to light, the paper may be soaked in a 
2 per cent solution of bichromate, when the 
gelatine will be tanned in the same way as it 
would have been if it had been bichromate- 
sensitized in the first place (G. Koegel, 1025). 

It has been suggested that colloids can be 
sensitized by condensation products of harden- 
ing aldehydes and of diazo compounds. Exposure 
to light liberates the aldehyde and hardens the 
colloid. Gelatine can be sensitized with dyes 
such as Erythrosin or Auramine. 

Thk Carbon Process 

787. Advantages of the Carbon Process. The 
carbon process is certainly the most beautiful 
printing process that a photographer can 
employ when he i.s not aiming at a personal 
modification of the negative. It is one of the 
most flexible from the point of view of choice 
of colour and contrast. It is also one of the few 
photographic processes which yield practically 
permanent images on almost any support at 
the choice of the photographer. Moreover it is 
one of the easiest processes to carry out although 
it is generally believed that it is difficult to 
master. This seems to be the chief reason why 
it is not more widely used. Although, unfortu- 
nately the carbon process has almost been aban- 
doned by amateur and professional photo- 
graphers alike, it is an important stage in the 
photogravure process. The amount of carbon 
pigment paper used by the photogravure 
industry to-day is far greater than that which 
was used by photographers at the height of 
popularity of the carbon process. 

788. Transfer of the G^tine Layer. The first 
attempts to obtain photographic prints by using 
gelatine films sensitized with bichromates and 
coloured with a pigment were successful only 
for line images. In the original experiments a 
layer of gelatine containing finely ground carbon 
black was sensitized with bichromate and ex- 
posed under a negative. After exposure the 
parts of the layer which had been obscured by 
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the negative and were therefore still soluble, 
were washed away in warm water leaving a 
positive image in hardened gelatine (A. Poitevin, 
1855). Attempts to obtain continuous tone 
images in this way were unsuccessful and this 
was explained in 1858 by Abb^ Laborde. 

When a bichromated gelatine layer is exposed 
to light it is first rendered insoluble near the 


Since the exposure has to be made to a high- 
intensity light-source, it is necessary to take 
precautions against melting the wet gelatine 
layer by heat from the lamp. 

In 1864 J. W. Swan found the first really 
satisfactory solution to the problem when he 
devised the method of transferring the gelatine 
layer to a new support after exposure but 
— before the warm water development. 

Soluble He used paper coated with rubber 
gelatine solution as a temporary support on 
which to develop the image. This 
method resulted in a laterally re- 
versed print and it is usual to correct 


Support 

Fig 45.1. Bichromated Colloid Layer Exposed from the Front this by re-transferring the developed 

image to a gelatine-coated paper 


Hardened 
gelatine ^ 






surface. As the exposure proceeds the harden- 
ing action goes deeper into the layer However, 
only in those areas which are exposed behind 
the lowest densities of the negative will the 
hardening penetrate deeply. Under the middle 
tones of the n(;gative, the insoluble gelatine 
will remain separated from the support by a 
layer of soluble gelatine (Fig. 45.1). Even if suffi- 
cient exposure were given to tan the gelatine 
right through to the base behind the lowest den- 
sities of the negative, the soluble gelatine under- 
neath the less-exposed portions would melt when 
the layer was treated with warm water and 
the image would float off the support. 

One way of overcoming this difficulty 
is to expose the gelatine layer through the 
support. The hardened gelatine image is 
then formed in contact with the support 
and the remaining soluble gelatine can be Tznzz 
successfully washed away in warm water, 
leaving the image adhering to the base. 

This method was used in 1858 by J. C. 
Burnett who used a paper support for his 
gelatine layer and in 1861 by Fargier who used 
a transparent base. 

This method has been revived with a varia- 
tion recently and is known as “wet carbon." 
This was developed primarily for use in natural- 
colour photography and was described by F. W. 
Sharp in 1945. Specially manufactured carbon 
pigment paper is sensitized by immersion in 
bichromate solution and squeegeed face down- 
wards on thin clear celluloid which has previously 
been coated with a thin layer of wax. The 
exposure behind the negative is made through 
the celluloid while the gelatine layer is still wet. 
After exposure the image is developed in warm 
water on the cdluloid. The image can be 
subsequently transferred to another support. 

sx— 


or other final support (Fig. 45.2). 

789. Preparation of Carbon Pigment Paper. 
Papers for carbon printing in a wide range of 
colours and of excellent quality are obtainable 
commercially. It is desirable, however, to des- 
cribe briefly how they can be prepared by 
amateurs who have the necessary time at their 
disposal. Home-made pigment papers can, if 
desired, have the bichromate incorporated in 
the gelatine layer and this makes separate sensi- 
tization unnecessary. 

A fairly porous paper unsized or only slight <y 

gelatine 


Final support 

Fig. 45.2. Bichromated Colloid Layer Developed on 
Temporary Support and Transferred 

sed sized is most suitable as a sup^rt. The plain 
smooth paper sold by wall-paper manufacturers 
ia- a» lining paper for use under patterned papers, 
1. " is suitable for the purpose, 
al- Moist tube water colours are best for pigment- 
W. ing the gelatine, but as they are expensive some 
ion workers may prefer to use diy powdered 
in colours. Care should be taken in choosing sidt- 
m- able pigments as some react with bichromate 
sly and cause spontaneoiis tanning of the gelatine, 
'he Some lamp-blacks are greasy and are not easily 
igh wetted by aqueous solutions. These should be 
et. avoided. The powder colours should be ground in 
rm a mortar with an equal weight of glucose syrup. 
^ The soft type of gelatine used for collotype 
>rt. printing is very suitable for this purpose but 
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the addition of a small proportion of hard 
g^tine will increase the sensitivity of the 
paper if required. The gelatine should be 
soaked in cold water until thoroughly swollen 
and then dispersed in the water which it has 
absorbed, by warming over a water bath. The 
temperature should not exceed i6o°F. Sugar 
shoidd be added to keep the hnal dry gelatine 
layer flaccid. Commercial pigment papers 
usually contain a small proportion of soap in 
addition. The colour is now thoroughly mixed 
into the gelatme and the mixture strained 
through fine fabric ready for coating on the paper. 

The following formula, which is given as an 
example, is suitable for making prints or 
transparencies in black. The quantity given 
is sufficient to coat 10 sq ft of paper for making 
prints or 6 sq ft of paper for making transpar- 
encies. For making relatively thick reliefs for 
special purposes as much as 6 oz of gelatine 
may be spread on 10 sq ft of paper in which 
case the pigment content should be reduced 
but the quantity per square foot should not be 
below that used for papers with normal thin 
gelatine coatings. 


Gelatine 


Loaf sugar 
Salicylic acid 
Vegetable black 
Indigo 
Can^e . 


Glucose syrup . 
Water 


50 to 80 g 
ro to 20 g 

0-25 g 
log 

0-5 g 
1 g 

10 ml 
250 ml 


There are several methods of coating the 
paper but the following is a good one (£. 
Felloes. 1920). 

A printing frame is taken (an old one will do 
perfectly well) and some sheets of glass a little 
smaller than the rebates so as to leave a little 
play. The paper is cut into sheets about in. 
bigger each way than the frame. A sheet of 
paper and a sheet of glass are immersed in 
water at about I20^F. The paper is laid on 
the glass, covered with a sheet of grease-proof 
paper and the paper is firmly squeeg^ on to the 
removing as much water as possible. 
The edges of &e paper are folded behind the 
l^ass which is then placed in the printing frame 
so that the paper is seen from the front of the 
frame. The oack of the frame is closed and it is 
turned face upwards. While the paper and glass 
are still warm, the gelatine mixture is poured 
into the ''dish" formed by the edges of the 
frame. The frame is left in a level position until 
the gdatiiie is set and then the gdatine is 
aepamted from the wood by means of a sharp 


knife. The glass is removed together with the 
coated paper which is left to dry thoroughly. 
When it is dry the paper is removed from the 
glass and kept flat until required. 

When ready-sensitized pi^ent ^per is 
required, before the colour is added to the 
coating mixture, 60 to 120 gr (4 to 8g) of 
potassium bichromate and 15 gr (1 g) of s(^ium 
citrate should be mixed with the gelatine. 
Sufficient ammonia solution should then be 
added to change the colour from orange to 
lemon yellow. 

Sensitizing and Exposing 
Carbon Pigment Paper 

790. Sensitizing. Carbon pigment paper which 
has been stored for a long time in a dry atmo- 
sphere is likely to become brittle. This leads to 
a risk that the gelatine layer will crack or split 
during handling before sensitizing. In view of 
this it is advisable to take the precaution of 
leaving the paper in a humid atmosphere for a 
few hours before use. This is particularly advis- 
able when the paper is in rolls, and the wrappings 
should be removed to allow full access of the air. 
On the other hand, long storage in a damp 
atmosphere should be avoided as there is a 
danger of formation of mildew and even of 
parts in contact adhering in patches. Suffi- 
cient paper for a few days should be cut into 
sheets and kept flat between sheets of glass. 
Care should be taken not to touch the gelatine 
surface as fingermarks are likely to cause a 
blemish in the final print. Finger prints and 
scratches from finger nails may both be avoided 
by wearing cotton gloves. 

The pigment paper can be sensitized by 
immersion in a solution of bichromate or by 
brushing the solution on the surface. The 
second method is usually used with spirit 
sensitizers in order to economize in solution. 

The paper may be sensitized in daylight but 
not in full sunlight. 

Plain metal dishes should never be used for 
the sensitizing bath as they are liable partially 
to reduce the bichromate. Bichromate sdu- 
tions which have been used for senritizing are 
liable to change and if used ^ain may cause 
spontaneous h^dening. This is more lucely to 
happen if the used solution is exposed to m^ht 
light. Sensitizing solutions should, thereforei be 
stored in the dark and should not be kept lor 
more than a few days after their first use. 

791. Gelatine is more soluble in a bichromate 
solntion than in plain water and it also swells to 
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a peater extent. In hot weather, therefore, 
it is desirable to cool the sensitizing bath to 
55®F or, at most, 6o°F. This is usually done by 
standing the sensitizing dish in a larger one 
containing crushed ice in water. If this is not 
convenient, sensitizing should be done with a 
bichromate solution in a mixture of industrial 
spirit and water applied with a brush. Alter- 
natively, a proportion of industrial spirit may be 
added to the normal sensitizing bath. If these 
precautions are omitted there is a serious risk 
of the gelatine being reticulated. 

In damp weather, if no means is available for 
accelerating drying of the tissue, it is desir- 
able to add a little phenol or salicylic acid 
dissolved in industrial spirit to the sensitizing 
bath. This eliminates the danger of bacterisd 
growth in the gelatine during prolonged drying. 

The concentration of the bichromate in the 
sensitizing bath has a considerable influence 
on the sensitivity of the pigment paper and 
also on the contrast of the resulting prints. A 
concentrated solution will give greater sensi- 
tivity but comparatively weak prints even from 
vigorous negatives. Papers with strong colours 
tend to give contrasty prints and should 
therefore be sensitized in stronger baths than 
would be used with papers of lighter colour. 

In addition to the concentration of the sensi- 
tizing bath, its temperature and its affect the 
speed and contrast of the paper. This is because 
temperature and />H affect the degree of swelling 
of the gelatine and thus control the volume of 
solution absorbed by the layer. Raising the 
of the sensitizing bath increases the contrast 
of the image by decreasing the density of the 
least exposed areas without greatly affecting 
the highest densities. A slightly acid bath 
produces a paper which is faster than one 
sensitized in an alkaline bath but more brown 
chromium dioxide is formed. This strongly 
absorbs the light and prevents the speed 
increase from showing itself in the most exposed 
areas (H. M. Cartwright and H. Murrell, 1933). 

The effect of the pR of the sensitizing bath 
on the relative sensitivity, contrast, and keeping 
properties of the pigment paper used in the 
photogravure process was studied by H. M. 
Cartwright (1944). The pigment paper was 
sensitize in ^ 2*5 per cent solution of ammo* 
nium bichromate at various values and was 
exposed, after keeping for various times, bdiind 
a sensitometric wedge to an enclosed arc. The 
results are tabulated below. The odour of the 
bath is not a sufficienriy accurate indication of 


its pY{ and colour indicators are useless owing 
to the strong colour of the solution itself. For 
this reason it is necessary to use a meter 
for the measurements. It will be seen that 
optimum results are obtained with a sensitizing 
bath at a of 6*0. 


After 24 hoiini Speed after 


pn 

Colour 

Speed 

Gamma 

2 dayh 

4day$ 

6 days 

30 

Orange red 

lU'Olll- 

ble 

- 

- 


- 

3-9 

Orange 

1-3 

038 

*•3 

Insolu- 

ble 

— 

4-3 

Orange 

i-o 

o;4 

2*0 

2-3 

Inaolu- 

bto 

2-5 

6-0 

Pale orange 

1-0 

0-4 

1-5 

2-0 

7*0 

Orange 

yellow 

Warm 

yellow 

Yellow 

075 

0-42 

rs 

2-0 

a‘5 

90 

0-5 

0-44 

075 

l-s 

2‘0 

I 1‘0 

0-3 

0-48 

0-5 

X‘0 

*•5 


For printing by daylight the bichromate 
sensitizing solution may be at a concentration 
of between i per cent for weak negatives to 
6 per cent for printing from very contrasty 
negatives. For normal negatives a suitable 
concentration would be 3-4 per cent. To 
enable the sensitized paper to be kept for a few 
days without special precautions and without 
sacrificing any speed, neutral chromate should 
be added to the sensitizing bath. A suitable 
amount is J of the weight of bichromate. 

792. For sensitizing in a dish, the solution 
shodd occupy a depth of from } in. to i in., 
according to the number of sheets to be sensi- 
tized at once. Not more than five should be 
immersed at one time. 

The paper to be sensitized should be immersed 
face downwards. The sheet should be taken 
two opposite comers and slid into the solution. 
As soon as the sheet has become slightly limp 
it shodd be turned face upwards, and any 
adhering air-bells shodd be broken either wim 
i^brush or a plug of cotton wool. It shodd be 
qdckly turned face downwards again and any 
air-bells on the back of the paper similarly 
removed. 

The sheet of pigment paper must not be 
withdrawn from the sensitizing bath until it Jim 
bwome thoroughly limp and perfectly flat. This 
shodd reqdre from 2 to 3 minutes. If the time 
of immernon is too short the paper will be ody 
subtly sensitive, while if it is too long to 
gelatine will swell excesavely and the drying 
time wiH ^be prolonged. In commercial practice 
it is usual to standardize the immersion time. 
Sensitiring baths to which have been adde 4 
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20 per cent of their volume of industrial spirit 
do not soften the gelatine. The time of immersion 
ought then to be about 4 minutes to allow the 
paper to become flat. 

To withdraw the paper from the bath, the 
back of the sheet should be drawn over the edge 
of the dish so as to remove as much of the sensi- 
tizing solution as possible. It is desirable to 
remove most of the liquid from the surface of 
the gelatine. To do this, the paper should be 
placed face downwards on a perfectly clean 
sheet of glass, and the liquid rapidly expelled 
by strokes of a squeegee, using moderate 
pressure. 

When it is desired to reproduce images of 
extreme delicacy, particularly when the carbon 
print is intended to be used as a resist for 
etching in certain photo-mechanical processes, 
the sensitized paper is kept on the glass until 
dry. 

793. Sensitizing by brushing the solution 
on the tissue may be recommended in case of 
urgency, or if there is reason to fear veiling by 
spontaneous hardening due to drying at high 
temperatures. A solution of ammonium bi- 
chromate is prepared of three times the strength 
required. This should be neutralized by the 
addition of ammonia if the sensitive paper is 
to be kept. Twice its volume of industrial 
(denatured) spirit, should then be added. This 
mixture may be prepared long enough in ad- 
vance to obtain a clear solution by decantation. 
It must be kept in the dark, or, at least, pro- 
tected from daylight. 

The sheet of paper to be sensitized is laid 
face uppermost on a sheet of glass or card to 
which it is attached at the corners by wooden 
clips. The solution is applied by means of a 
br^ or a plug of cotton-wool; the strokes 
of the brush must be made to cross in each 
direction, so as to avoid any irregularity. 

794. Drying the Sensitized Tissue. The drying 
of sensitiz^ carbon pigment paper should be 
carried out in a room — or in a box or cupboard — 
where daylight cannot enter, but where fresh, 
cool air can be constantly renewed. In addition, 
if tissue is dried with its face exposed to the air, 

utions must be adopted to prevent dust 
deposited on the gelatine. 

Even in unfavourable conditions, pigment 
paper sensitized by brushing with a strong 
alcoholic solution may be thoroughly dried in 
about half an hour. Paper sensitized by inuner- 
sion in a plain ^ueous solution may require a 
long time, especudly if it has not been squeegeed 


to remove excess solution. It is desirable in 
that case to arrange that a current of air should 
circulate through the drying cupboard to ensure 
drying in 4 hours at the most. If drying takes 
longer than this, veiling will probably result from 
spontaneous hardening. 

In some commercial establishments, where 
the pigment paf)er is kept on the glass to which 
it has been squeegeed until it is dry, drying 
cupboards are used in which the glasses are 
arranged horizontally on brackets or shelves, 
and are traversed by a current of air. The air 
is provided by a centifugal fan and is cooled by 
circulating round a metal container, filled with 
ice or a freezing mixture, on the sides of which 
condenses the greater part of any moisture 
w’hich it may contain. If the glasses are arranged 
vertically in the drying cupboard, the current 
of air should be admitted only after they have 
drained for about 20 minutes. In any case the 
current of air should reach its full speed only 
after progressive stages with fairly wide inter- 
vals in order to avoid partial detachment of 
the paper from the glasses. 

A most eflective method of drying for large- 
scale production, is to squeegee the sheets of 
pigment paper to plate glasses and then lay 
felt blankets impregnated with calcium chloride 
on the backs of the sheets. The time of contact 
with the blanket is standardized and a definite 
degree of drying is thus automatically achieved. 
After use. the blankets are dried in an oven for 
re-use. These blankets are in regular use in 
photogravure plants and are obtainable com- 
mercially. 

A common practice is to support small sheets 
on lines by means of wooden clips. Sheets in 
large sizes are placed over a semi-cylindrical 
grid, about 8 to 12 in. in diameter, mounted on 
legs or suspended by cords. 

The drying cupboard ought to be fairly cool 
at first, but the temperature may be raised 
slightly towards the end of the drying. It is 
necessary to avoid the use of either paraffin or 
gas stoves for warming the air. The combustion 
products would partially harden the moist 
bichromated gelatine. 

Dr3dng is completed when the gelatine film 
has Income almost brittle. 

795 * Storing the Sensitized Pigment Paper. 
In dry weather, when not too warm, carbon 
pigment paper sensitized in a bath of moderate 
strength neutralized with ammonia, or with 
neutral chromate added, can be kept without 
any special precautions for four or five days. 
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This time is considerably shortened if the paper 
has been sensitized in a concentrated solution 
without any precaution for neutralizing the 
chromic acid. Spontaneous hardening occurs 
more (juickly if drying has been very slow or 
if the tissue is kept in a damp, warm atmosphere. 
This can be retarded and the time of keeping in 
good condition extended to about ten days if 
the sensitizing bath contains about i per cent of 
neutral sodium citrate or potassium citrate 
(§ 747 )- 

Sensitized pigment paper may be kept almost 
indefinitely in a perfectly dry atmosphere. For 
example, it may be kept in a metal tube con- 
taining drying compounds and sealed with adhe- 
sive tape or a rubber band. However, as the 
gelatine is rendered very brittle and almost 
insensitive, the sheets should be kept for several 
hours in a moist atmosphere before being 
unrolled and used. Sensitized carbon tissue has 
been kept for three months without change at 
the temperature of 27'^F ( 0 . Watter, 1935). 

Although good keeping qualities can be ensured 
only in a dry atmosphere, sheets of carbon 
pigment paper may be kept for a time after 
sensitizing, if they are put in a printing frame, 
under pressure. They should be perfectly dry 
and covered with a sheet of rubber before the 
back of the frame is closed. 

796. Prq)aration of the N^atives. For car- 
bon printing vigorous negatives are desirable, 
especially for first attempts. Negatives with a 
density range of about 1-4 are suitable. 

Depending on whether the single or double 
transfer is adopted, negatives must be either 
reversed or normal. Negatives may be reversed 
by stripping the film, or they may be made 
reversed in the first instance by fitting a revers- 
ing prism or mirror to the lens. Film negatives 
can be printed from the back by being reversed 
in the printing frame, thus allowing single 
transfer, but it is then necessary to employ a 
compact light source of small size for printing. 
The light must also be at some distance from the 
frame and kept still during the printing in 
order to get a sharp image, since the negative 
image is slightly out of contact. 

A margin (safe-edge) at least -j|r in. wide must 
be protected against the action of the light all 
round the edges of the pigment paper by means 
of a mask suitably attached to the negative. 
Without this precaution it is impossible to ensure 
adhesion of the pigmented gelatine to the sup- 
port to which it is transferred for development, 
whether it be the final support for single transfer 


or the temporary support for double transfer. 
The carbon pigment paper must be cut to such 
a size that the margins are completely covered 
by the safe-edge. The paper should be cut 
with clean edges; there is a risk of defective 
adhesion to the support during development 
if the tissue is torn or cut with a paper-knife. 
The size to which the pigment paper is cut, 
including the safe-edge, must not exceed the 
dimensions of the support on which it is to be 
mounted for development. 

Although the safe-edge mask may, if necessary, 
be applied to the glass side of the negative, it is 
preferable, as a rule, that it should be on the 
emulsion side. If on the glass, it must be suffi- 
ciently wide to protect the bichromated gelatine 
beyond the range of the semi-shadow of the 
light penetrating under the safe-edge. When on 
the emulsion side the mask may be formed of 
strips of black paper, or by a margin of black 
varnish or opaque water-colour. The outlines 
may be drawn with a draughtsman's ruling pen 
with large rounded blades, the varnish being 
applied with a brush beyond these outlines. 

797. Exposure to Light. The various manipu- 
lations in carbon printing may be carried out 
in very subdued daylight, by daylight coming 
through yellow windows, or by unscreened 
artificial light. 

Only a faint image is produced by exposure 
of the pigmented film to light; the exposure 
must therefore be determined by means of an 
actinometer or light integrator. The exposure 
may also be determined by the fact that, all 
other conditions being equal, the time necessary 
for obtaining a print on black carbon tissue will 
be approximately equal to the time of printing 
on gelatine-chloride print-out paper. This latter 
should only be carried up to the point at which 
the print appears correct sincef there is no need 
to fix the print and so no need to allow for any 
Ipss of density which this causes. 

The sensitivity of carbon pigment paper 
depends on a number of factors. They are: 
the colour of the pigment and its pro^rtion 
in relation to the gelatine ; the strength of the 
solution of bichromate used for sensitizing; 
the moisture content of the gelatine and also 
the temperature during exposure. While it 
it not possible to lay down exact rules, it may 
be said that, as a rule, the exposure should be 
longer if the gelatine is vety soluble. The 
spontaneous insolubility of the gelatine by long 
keeping produces an apparent increase in sensi- 
tivity. ^e exposure to light must also be longer 



PHOTOGRAPHY: THEORY AND PRACTICE 




if the proportion of pigment is high, if the 
sensitizing has been carried out in a very dilute 
solution, or if the temperature is very low. The 
time of printing is generally shorter with blue 
or violet pigment paper than with black; it 
should, on the other hand, be longer with brown 
or red pigment paper, and up to three times as 
long for red>chalk. The printing time should be 
shortened if the development is to be deferred 
because the tanning of the image increases, 
even in darkness. It should be noted, however, 
that this “continuing action” does not give 
consistent results. 

798. Printing by daylight is preferably done in 
the shade or in diffused light. When the printing 
frames are exposed out of doors in damp weather 
the pigment pap>er should be protected against 
access of moisture by being covered with a sheet 
of rubber. In the absence of this precaution 
the felt pads which are used to ensure uniform 
pressure should be thoroughly dried so as to 
avoid unequal dampness and consequent irre- 
gularity in the prints. 

It may be said that, as a general rule, print- 
ing on carbon pigment paper by artificial light 
gives prints of lower contrast, all other condi- 
tions remaining equal. This reduction in con- 
trast is e^)ecially marked when arc lamps on a 
high voltage are employed, as their light is 
very rich in ultra-violet rays. For example, the 
same degree of contrast can be obtained on 
tissue sensitized in a 5 per cent solution and 
printed by daylight, and on tissue sensitized in 
a 1-5 per cent solution and printed by an 
juidosed arc at 220 volts, 12 amperes. 

When arc lamps are used close to the printing 
frame it is desirable to keep the frame cool by 
means of a fan. Heating tends to produce 
overall hardening of the gelatine and give 
veiled prints. Mercuiy vapour lamps give very 
satisfactory results in carbon printing if the 
concentration of the sensitizing bath is suitably 
adjusted. With these lamps the danger of 
heating the frames is avoided. 

799. When taking the first print from an 
un^ibrated negative, it is desirable to compare 
it with other negatives from which good results 
have been obtained under known conditions. 
By making this comparison it is easy to judge 
the working conditions which will yield good 
results with the negative in use. When a 
satisfactoiy print has been made from the 
negative a note should be made of the colour of 
the pigment paper, the strength of the sensi- 
tiziiig bath, a^ tito exposure. Notes of this 


sort can be built up into a very valuable record 
which will assist greatly in future operations. 
When prints are made by exposure to arc light 
or discharge lamps operating on mains of 
reasonably constant voltage, it will be sufficient 
to record the distance from the lamp and the 
exposure time. Where exposures are made to 
daylight, however, it is highly desirable to use 
an actinometer to estimate their length. The 
number of actinometer tints required by each 
negative should then be recorded. 

Development of Pigment Paper by 
Single Transfer 

800. Choice of Support. According to the 
purpose for which they are intended, carbon 
prints made for viewing by reflected light may 
be transferred and developed on paper, on opal 
glass, on metal, and generally on any support 
which can resist the action of warm water. 

Mat opal glass needs no preparation beyond 
a thorough cleaning with soap and a brush to 
remove all traces of grease. 

Glass, porcelain, or metal should preferably 
be thinly coated with bichromated gelatine. 
After drying, this should receive a long exposure 
to daylight to render it insoluble. A 3 pCT cent 
solution of gelatine to which is added, at the 
time of using, o*i per cent of potassium bichro- 
mate, may be us^ for this substratum. The 
warm solution should be flowed on ordinary 
or plate-glass in the manner already described 
for varnishing negatives (§ 577). The excess is 
drained off, and the coat^ plates are dried 
free from dust. After an exposure of about two 
hours to daylight, the gelatine-coated supports 
are ready for use. 

Instead of gelatine, bichromated albumen or 
casein may be used. It is possible to dispense with 
the substratum altogether if it is qmte certain 
that the surface on which the image is to be trans- 
ferred is absolutely clean. In the photogravure 
process, for instance, the pigment paper is trans- 
ferred directly to perfectly clean copper. 

Substances like ivory, whidi are lUble to be 
permanently stained by the bichromate, should 
be prepared with a solution of gelatine hardened 
wi&alum. To a 5 per cent solution of ^[elatine is 
added 0*5 per cent of common alum ; this coating 
becomes insoluble automatically during drying. 
As an additional precaution the excess bi^ro« 
mate should be washed from the pigmeht 
with several chanm of cold water, the 
washed print shoud then be dried before 
transferring. 
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Various papers sized with gelatine, or even 
some heavily baryta-coated papers for collotype 
printing, etc., can be used as supports for the 
carbon print by hardening the gelatine with 
which they are sized or coated. Such papers 
should be immersed in a 5 per cent solution of 
chrome-alum for 2 to 3 minutes, and then put 
aside to dry. 

It is generally desirable to use the papers 
specially prepared for single transfer by the 
manufacturers of materials for carbon printing, 
or else to gelatine-coat papers of more varied 
character, smooth, glossy, grained, tinted, or 
even with metallic surfaces. 

For the preparation of single-transfer papers, 
the paper chosen is floated on a warm solution 
of gelatine to which alum has been added. Or. 
alternatively, after having very slightly moist- 
ened the paper with warm water, the gelatine 
may be applied by means of a large brush. A 
warm solution of photographic gelatine, about 
5 per cent should be used and to this should be 
added i per cent of chrome-alum just before use. 
This yields a glossy transfer paper ; the thicker 
the coating, the higher the gloss. To obtain 
a mat coating it is necessary to emulsify in the 
gelatine-alum solution raw starch previously 
mixed in water to produce a kind of “milk.'* 

801. Transfer. Single-transfer papers should be 
cut a little larger than the carbon pigment paper 
which is to be transferred to them. They are 
immersed in cold water for 5 to 10 minutes in 
the case of thin papers, or for 2 to 3 hours for 
thick and rough papers. With the latter it is 
frequently advantageous to place the paper in 
warm water a short time before transferring the 
print, replacing it in cold water before the 
exposed pigment paper is applied to it. 

Gelatine-coated rigid supports should be 
soaked in cold water for 5 to 10 minutes. 

The best temperature of the water for trans- 
ferring is 60T; if air-bells have been formed 
by the flow of water into the tank, the carbon 
print should not be immersed in the water until 
they have dispersed. 

Some minutes before the end of the soaking 
time, the carbon print to be transferred should 
be placed in the same dish, face downwards. 
It would be turned over for sufficient time to 
remove any air-bells that may adhere to the 
surface, and turned face downwards again. 
Since the paper absorbs moisture more quickly 
than the gektine, the print curlSi the gelatine 
face becoming concave. After a few moments, 
as the gdatine continues to absorb water, the 


print straightens out, and by prolonging the 
soaking, the gelatine face would become con- 
vex. The exact moment when the carbon 
print becomes flat is the point at which it should 
be applied, under the water, to the prepared 
surface of the support. The print and transfer 
paper are withdrawn together, quickly; they 
are placed on a sheet of thick glass or marble 
on a table, print uppermost, covered with a 
sheet of rubber, and the intervening liquid 
expelled by moderate pressure with the squee- 
gee, the strokes being made from the centre 
towards the edges. In the case of thick or 
rough papers it is desirable to finish the squeegee- 
ing into contact by removing the rubber sheet 
and working the squeegee directly on the back 
of the paper. 

After squeegeeing into contact, the carbon 
print on its support should be placed between 
blotting boards for about 15 to 20 minutes in 
the case of thin transfer papers, or 30 minutes 
when thick or rough papers are used. During 
this time they should be kept between thick 
pieces of glass, loaded with weights. There is, 
however, no objection to keeping the prints 
between the blotting boards in this manner for 
a longer time, provided that they do not become 
too dry. A carbon print which has been soak- 
ing too long before being applied to its support 
wUl not adhere. A print insufiiciently soaked 
will only adhere in parts, the suction inducing 
air to penetrate between the film of gelatine and 
its new support. 

The successive wettings and dryings of the 
papers, the carbon pigment paper as well as 
the single-transfer paper, produce alternately 
expansions and contractions of the image, at 
right angles to the fibres of each of the papers. 
In order to compensate for these deformations, 
it is well to arrange that the various papers used 
expand in the same direction. Machine-made 
gapers always expand more across the sheet or 
roll, than in the direction of their length. Hand- 
made papers expand equally in each direction. 

To avoid the expansion and contraction of 
the print transferred to a rigid support the 
method known in photogravure work as “dry 
laying'* may be utilized, in which the paper 
is wetted on its gelatine surface only, ana only 
at the instant of its contact with the support. 
The support is placed on a slightly sloping 
table and the carbon paper is laid on it face 
downward. A rubber roller is passed over the 
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about J in. wide along the edge is fixed to the 
support. The paper is then rolled up, with the 
pigment layer outwards, until it touches the 
roller. It is held against the roller which is then 
slowly moved over the support which is sprayed 
with a jet of water. The paper unrolls and, at 
one and the same time, is wetted and pressed 
into contact with the support (C. Rauch, iq3()). 

802. Development. The carbon print loses 
its sensitivity to light as soon as it is wetted for 
transferring. Consequently, development can 
be carried out ir. full daylight if desired ; this is 
desirable in order that the operation may be 
thoroughly under control. 

The finest details in the light tones are very 
much better preserved when development is 
carried out at a low temperature. 

The transfer papers with the carbon prints 
adhering to them are immersed one by one in 
water at about 95°F, the carbon print upper- 
most. The print is easily identified, as it is 
smaller than the transfer paper. The water 
should fill the developing tank to a depth of 

in. to 2 in. A large number of prints should 
not be developed at the same time ; there is a 
serious risk of injury through one print rubbing 
against another. 

Prints on rigid supports can be immersed in 
the warm water with the print downwards if 
small blocks of lead are arranged in the tank 
so that the supports can rest on them without 
their coming into contact with the print itself. 
The original paper support will leave the print 
automatically, and development will proceed 
without attention. It can be well advanced 
before the support is turned face upwards for 
finishing development by pouring water over 
the print. Development of prints on rigid 
supports may also be carried out in grooved 
vertical tanl^, or in separate frames used in 
vertical tanks. 

After a few moments, a little of the coloured 
gelatine from the margin protected by the 
safe-edge begins to ooze out from the junction 
of the carbon print axKl its support, llie tem- 
perature of the water may now be gradually 
raised to about lo^^'F, and then the paper 
which formed the original support of the print 
should be gently lifted and drawn away from 
the support to which the image has been 
transferi^. The original paper can be thrown 
away. If the paper will not come away easily, 
wait for about a minute longer, and then, if the 
paper still offers resistance, raise the temperature 
of the water to about iza^’F by poun^ very 


hot water, a little at a time, into a comer of the 
tank, sufficiently far from the prints to avoid 
injury, mixing it rapidly with the water already 
in the tank. 

When the backing paper is first removed from 
the print, the image is scarcely visible; it is 
covered by the greater part of the excess of 
pigmented gelatine. The print should be turned 
face downwards to facilitate dissolving away 
the excess of gelatine, and turned face upwards 
from time to time to allow the progress of 
development to be seen. 

For development, the print is placed face 
upwards on a sheet of glass or zinc, somewhat 
larger than the print. This should be laid on 
one of the sides of the sink and the bottom of 
the developing dish, and then warm water 
should be poured from a jug on to the upper 
part of the glass or zinc plate, above the print, 
in such a manner that the water flows evenly 
over the print and washes away the last of the 
soluble coloured gelatine. 

Development is complete when there are no 
longer any coloured drainings either on the light 
tones of the prints or on the lower margin of the 
print when it is held vertically. The strength of 
the image increases slightly in drying ; the print 
should, consequently, be a little less vigorous 
than desired when finished. 

The development of a correctly-exposed print 
requires from two to ten minutes. 

If a print is too light it is a sign of either 
insufficient exposure or the use of water at too 
high a temperature during development. If 
other prints have been taken under identical 
conditions, development should be tried at a 
lower temperature. 

If a print is too dark it indicates either 
printing for too long a time, or that the pigment 
paper is veiled, or that the water used for develop- 
ing was too cool. l>evelopment should be con- 
tinued in hotter water, raising the temperature 
gradually, but without exceeding i4o‘'F. Be- 
yond tUs temperature blisters are sure to 
appear as well as a general reticulation of the 
gelatine. 

Attempts may be made to rectify considerable 
over-expMure of the print by adding to the 
water small quantities of ammonia or of an 
alkaline carbonate. Very small traces of sodium 
hypochlorite may also 1 ^ added. Further, the 
print may be placed for a few momtots in a 
dilute solution of ammonium persulphate. A 
2 per cent solution, acidified with a little 
svlphuric acid, should be used. 
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It is also practicable, within limits, to lighten 
the print locally and brighten up the high- 
lights, especially the margins, by lightly rubbing 
with a tuft of cotton- wool or a soft brush, or by 
local applications of warm water. 

When development is completed, the print 
should be rinsed in cold water. Then it should be 
})laced in a 5 per cent solution of common alum 
until the last traces of bichromate have disap- 
peared. The bichromate is removed by alum 
far more readily than by plain water. If blisters 
appear in this bath it may be omitted; the 
residue of the bichromate can be removed by 
washing in water to which a very small quantity 
of sodium bisulphite has been added. The 
work is completed by washing for a few minutes 
in running water, or several changes of water. 
The prints should be dried naturally by being 
hung up on lines, care being taken to avoid 
touching the image, which is very tender until 
it is dry. 

803. Transparencies and Positives. In addi- 
tion to the advantage of producing permanent 
transparencies in any piredetermined colour, 
the carbon process has a long scale of gradation, 
and. almost throughout the entire length of this 
scale, a remarkable fidelity of rendering. The 
characteristic curve (§ 202) is practically a 
straight line, of which the gradient is always 
below unity except when the sensitizing bath is 
reduced in strength to 0*5 per cent of bichromate 
(A. Schuller, 1913). The contrasts are .slightly 
increased when the sensitizing bath has been 
neutralized by the addition of ammonia. 

This property, in which the carbon process is 
unique, renders it specially valuable for making 
positives. It used to be a rule with photo- 
graphic publishers to keep a carbon trans- 
parency of every negative of value. From this 
transparency it was possible, in case of any 
accident happening to the original, to make a 
new negative by the same carbon process. 

Carbon pigment papers specially prepared 
for transparencies are generally richer in pig- 
ment, and the colour is more finely ground. 
Excellent transparencies may be obtained, 
however, by using the ordinary papers. 

To ensure penetration of the light to the 
greatest depth, it is desirable to reduce the 
strength of the sensitizing bath to about i or 
1} per cent of bichromate, and to add ammonia 
until the yellow colour is reached. 

Glass for transparencies should be selected care- 
fully, free from defects, and as thin as possible, 
if the transparencies are intended for projection. 


When it is desired to intensify the trans- 
parencies or to modify their colour, the sub- 
stratum must be impermeable to water. For 
example, a solution of rubber in benzene may 
be used. 

The manipulations are the same as those 
already described in the preceding paragraphs. 
The control of the development of the image will 
be facilitated if the transparency is held over a 
uniformly illuminated white surface. 

804. Intensification and Toning of Images on 
a Wat^roof Support. Carbon prints or trans- 
parencies transferred to plain opal or to glass 
prepared with a rubber solution can be strength- 
ened by precipitating an insoluble salt in the 
image. The simplest method is to immerse 
the print in a neutral solution of potassium 
permanganate, which deposits brown manganese 
dioxide in the gelatine. Tlie stronger the solu- 
tion of permanganate, or the longer it is allowed 
to act, the heavier will be the deposit. After 
the strengthening, a brief rinsing is all that is 
necessary. Should the intensification be too 
great, the image can be restored to its original 
condition by immersion in a very dilute solution 
of sodium bisulphite. 

Black lead sulphide or Prussian Blue, etc., 
can also be formed in the image by immersing 
it in a very dilute solution of lead nitrate or 
potassium ferrocyanide, and then, after a slight 
rinsing, in a dilute solution of sodium sulphide 
or ferric chloride, followed by a very thorough 
washing. 

The film may also be stained uniformly by 
one of the acid dyes previously described for 
the staining of prints produced by the silver 
processes (§ 754). 

Intensification by means of permanganate 
can be carried out with prints made by double 
transfer while they are on' the temporary 
support. 

' Development of Pigment Paper by 
Double Transfer 

805. Preparation of the Temporary Support. 
A carbon print can be transferred, for develop- 
ment, to a large variety of temporary supports, 
from which it can be transferred, when finished, 
to its final support. The surface texture of 
the temporary support very largely determines 
the surface of the final print. 

The following are some of the materials which 
may be used as temporary supports: opd or 
plain glass, zinc, aluminium, and enamelled iron, 
all of which may be polish^ or mat ; and also 
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celluloid, sheet rubber (hospital sheeting), 
and varnished paper. 

Zinc oxidizes very readily if it is allowed to 
dry naturally. Pigmented papers with either a 
white or very light coloured film should be 
preferably transferred to sheets of ebonite 
so that the strength of the image can be more 
easily judged. Diere is no need to describe 
methods of preparing temporary paper supports 
as they are readily obtainable commercially. 

Rigid temporary supports can be used only 
when the final transfer of the image is to be 
made on a flexible support. The use of a 
flexible temporary support is also necessary 
when the image is to be finally transferred to a 
thick rough paper. 

The temporary support, whatever it may be, 
must be coated with a film that will ensure 
adhesion of the pigmented gelatine during 
development. However, this a&esion must be 
less than that of the image to the film of gelatine 
with which the final support is coated. These 
conditions are fulfilled by employing a mixture 
of wax and colophony, made by mixing the 
follovring solutions, which should be prepared 
without heating. 

^ I Turpentine .... 250 ml 

Colophony (rosin) • 35 g 

Benzene (crystallizable) . 750 ml 

Yellow beeswax . . 20 g 

The solution thus obtained should be kept 
in a well-corked bottle. A small quantity for 
regular use may be kept in a dropping bottle. 

Plain or op^ glass ^ould be cleaned with 
a hot strong solution of washing soda, rinsed 
thoroughly in water, dried at once, and polished 
with a fine fabric moistened with methylated 
spirit. 

Zinc or aluminium should be cleaned 
thoroughly with a paste of whitening and water, 
then phu:^ for a few tninutes in a 2 per cent 
solution of hydrochloric add and rinsed in plain 
water. They diould then be dried rapidly, 
either near a fire or in a fast current of air. 

Celluloid or rubber sheeting should be deaned 
with water containing a si^ proportion of 
ammonia^ then rinsed in plain water and dried 
with a ttoougfalv clean, fine fabric. 

A kiw drcfps of the waxing solution should be 
poured on to the temporary support selected, 
and q»ead unifonnly with a tuft of flannel 


A second tuft of flaiuiel should be used to rub 
with a circular motion, the cirdes crossing 
and re-crossing as in polishing. It should be 
left for about an hour to allow the solvents to 
evaporate completely. When any support (other 
than the papers spedally prepared) is used for 
the first time, it is desirable to wax it several 
times. This ensures that the mixture of wax 
and resin covers the entire surface, including 
the depth of the grain. 

After use, the temporary supports should be 
stored in a dust-free place. They can be used 
many times in succession without any other 
preparation than the application of a very 
thin coating of the waxing solution each time 
that they are used. 

806. Transfer on Temporary Supports. Paper 
temporary supports must be softened by being 
immersed in cold water for 10 minutes before 
the carbon print is squeegeed into contact. This 
time must be increased to about 30 minutes if 
the back of the paper has been made water- 
proof by either wax or varnish. 

Supports which are completely waterproof 
need only be immersed in water at the moment 
of bringing the carbon print into contact with 
them. 

The transfer is effected under conditions 
identical with those already described for apply- 
ing prints to their support in the single transfer 
process (§ 806). 

807. Dmlopment. Owing to the presence 
of the film of wax on the temporary support, 
development of over-exposed prints cannot be 
carried out at such a high temperature as is 
possible with a single transfer. The reason for 
the high proportion of resin in the waxing solu- 
tion is to raise the melting point of the wax 
layer sufficiently to make the developing pro- 
cess fairly safe. This limitation of the tempera- 
ture does not apply when a paper coated with a 
thin film of unv^canized rubber is used as the 
temporary support. When the final transfer 
is made, however, it is necessary to moisten 
the back of the temporary support with benzene 
in order that the print may separated from 
it. In addition , the image itself must be cleansed 
with benzene in order to remove the fragments 
of rubber which adhere to it. 

Apart from this, the development of prints 
on a temporary support is carried out in exactly 
the same manner as previoudy described 
(§ 802) for the development of prints by sin£^ 
transfer. 

In tl^ event of separation of the gelatine 
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film from its support during development, it 
should be placed immediately in an alum bath. 
After a few minutes the print may be quickly 
rinsed and put aside to dry. The develop- 
ment may be continued, if necessary, after 
diying. 

Washing and the dipping in the alum bath 
may be slightly shorter than in the single 
transfer method since the bichromate is unable 
to penetrate the temporary support. 

Except when prints are very urgently 
required, it is desirable that they shotdd be 
allowed to dry on the temporary support, after 
the alum bath and washing, before being 
transferred. The gelatine will then be less 
likely to be tom or spread under the pressure 
of the squeegee when being transferred to the 
final support. Moreover, the relief of the image 
will be considerably less and contact between 
the half-tones and the gelatine of the final 
support will be more easily ensured. Retouching 
and spotting can also be done before the finsd 
transfer, and will then be practically invisible. 

Drying should take place naturally. 

808. Prq>aration of the Final Support. Double- 
transfer papers of various kinds, thicknesses, 
and textures are obtainable commercially. They 
are coated with a thin film of gelatine and 
meet practically all usual requirements. 

All papers of good quality, provided that they 
do not change by exposure to light or air, can 
be used as final supports. They must be coated 
on one face with a solution of gelatine to which 
a very small proportion of alum, and a very 
small quantity of glycerine, have been added. 
The object of the glycerine is to keep the gelatine- 
coated paper flexible after drying ; it is almost 
completely removed in the soaking of the support 
precedii^ the final transfer. Instead of coating 
paper with gelatine in advance to form the find 
support, it may be soaked in water until 
thoroughly soft, and then, at the time of applying 
it to the temporary support, immersed m hot 
water and then floated for a few moments on a 
warm solution of gelatine. This solution 
should have a strength of about i oz of gelatine 
and about qgr of common alum in 20 oz of 
water. The paper must immediately be brought 
into contact with the moist image, and the 
excess of gdatine rapidljr expelled by the 
squeegee before it has had time to set. 

Any other support on which it is proposed 
to transfer the image finally must be coated 
^th a solution of gelatine. The solution 
diould be about 6 per cent strength, and it 


should contain from 9 to 18 gr of common alum 
to each 20 oz of solution (i to 2 g per litre). 
This preparation is specially necessary for opal 
glass, porcelain, ivory, celluloid, or wood. Wood 
should have the surface made perfectly mat 
with glass-paper. Before coating canvas pre- 
pared for painting, it is necessary to pumice- 
stone the prepared surface, wash it with a 
solution of soda to remove any grease, rinse it, 
and then apply two coatings of gelatine. It 
should not be stretched on a frame until after 
the final transfer of the image. 

809. Final Transfer. The double-transfer 
paper should be cut rather larger than the actual 
size of the image, but smaller than the temporary 
-support. 

In order to avoid premature detachment of 
the image from a rigid temporary support 
through drying too rapidly, the final support is 
sometimes cut larger than the temporary 
support, so that the margins overlap and are 
folded and glued over the back of the glass 
or metal plate. If this premature separation 
occurs, it results in patches of greater or lesser 
gloss than the rest of the image. 

About half-an-hour before the final transfer 
(an hour for thick papers) the double-transfer 
paper should be softened by immersion for ^ 
few moments in warm water. The temperatui’e 
should be from 85° to 95°F, except in the case 
of paper that has been kept a long time, or 
paper of which the gelatine coating contains a 
large proportion of alum, when it may be 
from 104° to ii2°F. The paper should then be 
placed in cold water, in which the gelatine 
will continue to swell. A few minutes before 
transferring, the temporary support bearing the 
image is ^so immersed so that the gelatine 
absorbs water. The gelatine-coated sudace of 
the final support is then brought into contact 
with the image, care being taken to avoid 
ayr-bells forming between them. The temporary 
support with the final support clinging to it 
are brought out of the water together, placed 
in a firm position on a marble slab or a table, 
covered with a sheet of rubber, and the greater 
part of the water expelled by light strokes /of 
the squeegee. The sheet of rubber should be 
lifted for a moment to ascertain that the 
finid support i$ in the correct position. This 
check can be made by transmitted light if the 
two supports are translucent. The remaining 
water is then expelled by somewhat firmer 
strokes of the squeegee, and the print put to 
dry naturally. If the two supports are flexilde, 
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hanging from a line is the best method; if 
either of the supports is rigid, a draining rack 
should be used. 

Drying must not be too rapid, for there is a 
risk of the image leaving the final support, 
especially in the shadows. Drying too rapidly 
may also cause a glazing of the image in parts. 
If the air is very dry and the temperature high, 
it is well to slow the drying by keeping the 
print for several hours between moist blotting 
boards. 

When the final transfer is made on any gela- 
tine-coated support other than paper, the pre- 
liminary soaking in cold water will not require 
to be longer than 20 minutes, unless a large pro- 
portion of alum has been added to the gelatine. 

After drying thoroughly, the print adhering 
to the final support should separate from the 
temporary support either spontaneously or by 
pulling it away gently, provided that the 
temporary support has been properly waxed. 
If both supports are flexible, they can be separ- 
ated by drawing them under the edge of a ruler, 
as in straightening out a paper which has been 
rolled. 

Any wax which adheres to the print may be 
cleaned of! with a tuft of flannel moistened 
with benzene or petrol. 

A carbon print can be glazed, after it is 
finished, by being re-wetted and dried on glass 

(§764). 

810. Retouching and Colouring. Retouching 
or colouring should, preferably, be done before 
the final transfer. Prints made by single 
transfer can, obviously, only be retouched on 
thw exterior surface. The retouching can be 
made to blend with the image by holding the 
print for a few moments in the steam issuing 
from the spout of a kettle of boiling water. 

For retouching, any water-colours may be 
used, mixed in such a manner that they match 
the colour of the print. However, it is pre- 
ferable to obtain from the makers colours pre- 
pared from the same pigments as those used in 
the manufacture of the pigment paper. Alterna- 
tively, the trimmings of the piament paper 
before sensitizing will provide the necessary 
colour. A cold solution of alum should be 
applied to the pigmented gelatine with a small 
in order to avoid any spreading of the 
retouching during the final transfer. 

Finally^ a light tinting can be applied to the 
image before the final transfer. This colouring 
wih be seen through the image after it is trans- 
femd. For this tinting, albumen colours are 


most suitable; they may be diluted with a 
.solution of alum. 

811. Principal Failures in Carbon Printing. 
In addition to the failures common to all print- 
ing processes, already considered in §§766-80, 
the causes of, and remedies for the principal 
failures in carlK)n printing are listed below. 

The Film of Gelatine Cracks or Splits. The 
pigment paper is too dry when unrolled for 
sensitizing or printing. It should be moistened 
by being kept for some hours in a cool damp 
place, or in a cupboard where several dishes of 
water have been placed. 

The Gelatine Dissolves during Sensitizing. 
The bath is too warm, or the tissue has been 
allowed to remain too long in the bath. 

Melting of the Gelatine during the Drying 
after Sensitizing. Due either to drying in too 
warm a place, or by keeping too long in the 
sensitizing bath. 

Imperfect Adhesion between the Gelatine and 
the Support during Development. There are 
.several possible causes of this defect. I'he 
pigment paper may have been soaked tof) long 
l^efore transferring, or the margins may not have 
been protected, or insufficiently protected, by 
a safe-edge during printing. The gelatine may 
have become insoluble through very slow drying 
after sensitizing, or by being kept too long after 
sensitizing, or by a general exposure to light. 

The Original Paper Support Refuses to Come 
away in Development. If the edges only come 
away the trouble is due to over-exposure, and it 
is advisable to try hotter water, or the addition of 
ammonia, or placing the print in a solution of 
ammonium persulphate. If the paper will not 
come away at all, even at the edges, the pigment 
paper has been fogged by general exposure to 
light. 

The Print is too Weak. The cause is insufli- 
cient exposure in printing. 

The Print is too Dark. Over-exposure. 
Hotter water should be used for development. 

Blisters Appearing during Development. Due 
to air-bells imprisoned under the film. 

The Image Washes Off. The causes may be 
the same as those of faulty adhesion to the 
support, or the print may have been transferred 
too soon, or there was insufficient rosin in the 
waxing preparation on the temporary support. 

Markings and Reticulation. May be due to 
sensitizing and ^ing at too high a temperature, 
or rough handling with the squeegee, or trans- 
ferring in water which is too hot or too alkaline. 

Patches of Irregular Density. Usually due to 
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the original paper support being removed too 
late, and so protecting some parts of the image 
from the action of the water. 

The Image Comes Away from the Temporary 
Support during Drying. This is due to insufh- 
rient rosin in the waxing preparation or too 
rapid drying. 

The Fin^ Support Refuses to Come Away 
from the Temporary Support. This is probably 
due to the temporary support not having been 
waxed ; or the wax may have been removed in 
places by too much polishing, or the waxing 
solution may contain too much rosin. 

The Image only partly transfers to the Final 
Support. This is due to the gelatine of the final 
support being insufficiently swollen in water 
before transferring, or being dissolved in places 
by immersion in water at too high u tempera- 
ture. 

Shiny or Silvery Markings Appearing in the 
Light Parts of a Print Produced by Double 
Transfer, after Drying. Due to faulty adhesion 
of the depressions of the print with the gela- 
tine of the final support, through excessive swel- 
ling of the print before the second transfer. 

Carbon Printing Without Transfer 

8x2. The Artigue and Fresson Processes. 
Used for his own private work from 1878 by 
F. Artigue, a carbon paper to be used without 
transfer was placed on the market in 1894 by 
V. Artigue, under the name of “ Charbon 
Velours.” The coating of pigment is obtained 
by spreading on the paper, which is sized so as 
to stop-up the pores, a mixture of ’gelatine, 
sugar, and glucose. While this is still sticky, it 
is dusted over with a very finely divided pig- 
ment, according to a method of Beauregard 
(1857) and of Blair (1863). 

Similar results may also be obtained by in- 
corporating the pigment in the mixture of 
colloids, using about 5 parts of pigment to i 
part of the mixture of gelatine and sugar, and 
coating paper with an exceedingly thin layer of 
this mixture; a similar process is employed in 
preparing the Fresson paper (1900), made in 
various tints on supports of (Merent textures. 

After sensitizing for two to three minutes in 
a weak solution of bichromate (2 per cent at 
the mwt for daylight printing), preferably 
neutralized by addition of ammonia (till the 
colour changes from orange to yellow), at a 
tempmtive not much above 6o®F, the paper 
is dried in darkness, and printed under the 
negative in the usual way. There is no need 


to mask the negative, and printing is timed 
by means of a photometer. 

The exposed print is first soaked for several 
minutes in cold water, taking care to avoid air 
bubbles on either side of the paper, and then for 
a few seconds in tepid water, at a temperature 
not exceeding 86°F. Here the high-lights of 
the picture, protected during printing from the 
action of the light, swell and form an image in 
relief. During this immersion in the warm water, 
especially in the case of Fresson paper, there 
often appears a silhouette of the image, either 
negative (in the case of under-exposure) or 
positive (in the case of over-exposure). In 
either case the paper should be removed from 
the warm bath in order to be ” developed ” 
before the image becomes distinct. 

For development, the print is laid on glass 
or other rigid support, held almost vertically, 
and laved from a wide-mouthed coffee pot, with 
a mixture of white wood sawdust (sifted through 
mesh No. 120) and water, in the proportion of 
2 oz to 10 oz of sawdust to 20 oz of water. 
The mixture should be warmed to about 68°- 
75°F in a large tub, above which the print is 
held. The mixture of sawdust and water must 
be poured on to the upper margin of the print, 
so as not to attack too vigorously the image ov^jr 
which it flows. Wood sawdust may be replaced 
by kieselguhr (infusorial earth), which is much 
finer and less harmful to the light details 
(J. Desalme, 1922). 

The slight friction of the sawdust on the 
previously swollen image drags away the pig- 
ment more quickly from the parts which are in 
greater relief and thus impedes the streaming, 
these differential frictions giving the modelling 
of the half-tones. 

The same sawdust mixture may be used 
repeatedly, esj^cially if an antiseptic is added. 
From time to time, it can be filtered on fine linen 
and washed with very hot water to free it from 
soluble matter. 

The operator may use local control, by lighten- 
ing certain parts with a stronger jet of the saw- 
dust mixture squirted directly on, or by gentle 
touches with a brush or wet tuft of cotton-wjool. 

The image is somewhat tender, and should not 
be submitted to prolonged washing, so that it is 
best to eliminate the bichromate by immersion 
in a very dilute solution of sodium bisulphite, 
after which the print is briefly rinsed, and left 
to (h7 by hanging it on a line. 

8x3. Papers Ei^oasd through the Back. At- 
tempts have been made from time to time to 
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revive the use, in pictorial photography, of 
ordinary carbon pigment papers, rendered 
semi-transparent with paraffin oil after sensi- 
tizing, and then expos^ through the support 
(V. Blanchard, 1895). 

The following working method, described by 
H. Kuhn in 1921, under the name of ** Leim- 
druck'* (glue printing), has been used in Ger- 
many. 

Sheets of strong glue are broken with a hammer 
into small pieces, and soaked in cold water, 
for about 48 hours. The excess of water is 
poured off, and the glue is dispersed in the 
water which it has absorbed. In a mortar or 
on a polished stone slab, are mixed, with a 
grinding muller, about 10 ml of this solution, 
15 ml of a 10 per cent solution of ammonium 
bichromate, and i g of a very finely-ground 
black pigment (soft drawing crayon). If the 
mixture is too thick it may be diluted with a 
very little water. 

A thin white or slightly tinted paper with 
smooth surface, and larger than the negative, is 
fixed to a board with drawing pins, and covered 
rapidly with the pigmented glue, using a large 
soft brush. The coating must be sufficiently 
thick, but not too thick, or it will crack in dry- 
ing. Inequality of coating has no harmful 
effects so long as the coating is sufficiently 
thick in all parts. After drying, a very glossy 
coating indicates that the proportion of gelatine 
to pigment is too great; a too mat coating 
points to an excess of pigment. 

When drying is complete, the gelatine side 
of the sheet is laid down on a glass slab, and the 
back is covered with liquid paraffin. This should 
be done with a tuft of cotton-wool in subdued 
light. At least two applications should be 
given. A few minutes are allowed to elapse 
after each treatment, and any excess of paraffin 
is removed with blotting-paper before exposure. 

Since the exposure is made through the 
support, the final image will be reversed unless 
a reverb negative or a film negative is used. 
With many subjects, however, reversal does not 
matter. 

The printing is best timed by means of an 
actinometa covered with a fuece of the same 
employed as support, and similarly treated 
withpan^. 

Wto taken from the printing frame, the print 
is washed in cold water for about five minutes, 
then ** developed *' in warm water at about 
When dryiu is coni^)lete» the paper is ckmd 
by immefwm for about three minutes in a grease 


solvent, e.g. petrol, benzene, or, preferably, a 
non-inflammable solvent such as carbon tetra- 
chloride. 

The Gum-bichromate Process and 
ITS Variations 

814. Gum-bichromate. Invented in 1858 by 
Pouncy, at a time when the only working 
methods in favour were those yielding abso- 
lutely sharp pictures with a structure impercep- 
tible to the eye, the gum-bichromate process 
fell into oblivnon imtil Rouill^-Ladev^ze (1894), 
then R. Demachy, A. Maskell, C. Puyo, and 
many others showed the excellent use which 
could be made of it. Contrary to a widespread 
opinion, the gum-bichromate process does not 
necessarily need artistic handling. From a 
good negative it is capable of excellent prints 
without any personal interpretation. This 
method has been almost totaUy abandoned 
during recent years, in favour of methods 
employing greasy inks. It is to be regretted 
that such is the case in view of the success with 
which the process is still used. 

It is best to use only raw pale Senegal gum, 
with the addition of a suitable antiseptic. The 
gum solution improves with age, and there is, 
therefore, no objection to preparing a quantity 
in advance. It is customary to employ the moist 
water-colours supplied in metal tubes, which 
have the advantage of being already very 
finely ground and which mix readily with the 
gum solution. It is possible to obtain pictures 
perfectly free from grain by using, instead of 
solid pigments, the indelible inks (Chinese 
ink^ and inks of all colours), used in commercial 
drawing (£. Quedenfelt, 1923). 

The bichromate may be mixed with the pig- 
mented gum solution before being spread on 
the paper. Some workers prefer, however, to 
impregnate the paper with a solution of about 
10 per cent of potassium bichromate, and then 
to dry it, before coating with the mixture of 
gum and colour. 

8x5. PrqMuation of the Mixture. Break up 
into small pieces, about 10 oz of gum and 
suspend it in a muslin bag in a 20 oz jar. Fill 
the jar with cold water and cover over to 
exclude dirt. The solution slowly becomes 
acid, and its viscority deaeases progressively. 
After two or three weeks, dissolve in it 20 to 
25 gr of salicylic add or thymol, in order to 
p^ent fermentation. Some workers diasoli^, 
with the gimi, a lit^ sugar (about 5 per cent 
of the weight of the gum) to increase tlM 
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permeability of the dry gum and facilitate 
development. 

It is best to choose from a small number of 
mineral pigments of great covering power. For 
black, use lamp-black (ivory-black is often too 
transparent), the tint of which may be warmed 
with a little yeUow ochre or burnt umber, or 
tinted with blue with a little indigo. For 
reds, use red-chalk and Venetian red, with 
some burnt sienna or burnt umber. 

The average proportions of gum and bichro- 
mate are — 

Gum solution, 50% . . .3 volumes 

Saturated solution of potassium bichromate 

(8 to 10%) 1 volume 

but will vary with the viscosity of the gum 
solution. For i volume of bichromate solution, 

2 to 4 volumes of gum solution should be taken, 
according to its viscosity. The proportion of 
gum will, therefore, vary with its age. As a 
rule, the coating should contain as much gum as 
is compatible with the spreading of an even 
film (C. Puyo, 1903). 

It is difficult to give figures for the proportion 
of pigments in the mixture, not only on account 
of variations in the covering power of the 
various pigments (or even of one pigment, bought 
from different sources), but also because of varia- 
tions in the thickness of the film when coating. 

As a rough guide, for black prints, the average 
proportion is ii g of moist colour for 10 ml of 
bichromated gum. The proportion of pigment 
should be such that the film appears dark-grey 
(somewhat tinted by the bichromate), and not 
black when coated thinly. 

The niixture is made up on the basis that 
about 3*5 ml of pigmented mixture is required 
to cover a sheet lo x 8 in. intended for pictures 
9 i X 7 in. 

The ingredients are mixed in a basin, with a 
hog-hair brush about 2 in. broad, and rather 
stiff. A drop of the mixture is placed on the 
paper and spread with the finger in order to 
ju^e the depth of colour. 

8x6« Coatiiig tiie Pigmented Gum* The paper 
must be sufficiently sized to prevent the colour 
penetrating. Most drawing papers are suitable, 
if given a further sizing with a warm weak 
mixture (about i*5 per cent) of arrowroot or 
starch, sf^ad with a large brush. Writing 
papers which are strongly sized with resin, are 
us^y difficult to coat. Chinese or Japanese 
papers need delicate handling. For first 
attempts it is well to, choose a paper of very 
fine gm but not tooglos^. 


Place a sheet of thick Bristol board (a Bristol 
board may be used many times for papers of 
the same size) on a drawing-board and fix the 
paper to be coated on this with four drawin|[-pins. 

The brush is charged with the mixture, 
and lightly scraped on the edge of the bowl so 
that it contains as nearly as possible just the 
quantity required to cover one sheet of paper. 

It is rapidly drawn the long way of the paper, 
the trail of mixture thus deposited being 
immediately spread over the whole surf^e of 
the sheet of paper by cross movements, without 
leaving any bare spots. The excess of mixture 
is immediately removed, and the coating is 
smoothed over with a flat brush, either hog-hair 
-or goat-hair, fairly thick and not too supple. 
The' coating should now be uniform and it is 
finished by being smoothed with another 
similar brush which is used with less and less 
force on the paper, while the board is turned 
in all directions. (For this purpose the board 
may be placed on a coin.) Coating should not 
take much more than one minute ; a little less if 
possible. The coating of the gum solution may 
be done with a spray gun. The preliminary 
sizing of the paper is then usually unnecessary 
( 0 . M. Powers, 192b). 

The sheet dries in about 15 minutes. Hold it 
near a stove or pass it above a flame, if necessary, 
until the paper shows a tendency to crack. 

Prepare only the number of ^eets necessary 
for one day, or, at the most, for the next day. 

817. Exposure and Development. As there is 
no transfer stage, printing is done under a 
negative in the usual way. Printing must be 
controlled with an actinometer. The time will 
depend on both the colour of the pi^ent and 
the thickness of the coating where it is thickest 
in the hollows of the grained paper. Thus, it 
also varies with the grain of the paper. A coarse- 
grained paper may need double the printing time 
which would suit a smooth paper. Finally, 
it varies with the age of the paper. Paper which 
has just been prepared should be exposed a 
little less than paper prepared dunng the 
previous day. 

The finest blacks are obtained, as a rule, w»tn 
very slight under-exposure. The print then 
develops in cold water in a very short time. 
Over-exposure gives harsh printe, with pro- 
nounced, and often irregular, grain, 

Devdopment must be carried out very shortly 
after exposure. . 

For straight-forward development, the pnnt 
is floated face down in a cMm of water, and 
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examined from time to time. The picture 
appears hrst for an instant as a negative, caused 
by differences of swelling, and begins to develop 
after a time which, according to the exposure 
and especially the age of the paper, varies from 
five minutes (fresh paper), to more than three 
hours (paper 24 hours old). Without troubling 
further about the print, except to remove it 
from time to time to change the water in the 
dish, development may be left to itself. It 
may take from three hours to more than 24 
hours. If it is very slow, keeping the print in 
water for several hours after it is finished will 
do no harm. 

When finished, the print is put to dry, avoid- 
ing contact of an5rthing with the surface, which 
is very tender. .In course of drying the definition 
of the picture falls off a little, owing to very slight 
spreading of the gum. Outlines lose some of 
their sharpness, but otherwise retain their 
character. Some workers destroy any excess of 
bichromate by immersion in a very dilute 
solution of sodium bisulphite, and, after a 
brief rinse, pass the print through a bath of 
alum to harden the gum a little. 

The chief merit of the gum process hes 
in the fact that it gives an artist the power to 
improve a subject by lessening or suppressing 
excessive details, and introducing accents here 
and there. Such treatment can be carried out 
during development, during drying, or after 
drying. 

There is always an advantage in starting 
development as above, postponing any altera- 
tions until the picture is distinctly visible. 
Then, by placing the print on a glass or other 
firm support, the development of certain parts 
may be hastened by sprinkling with tepid water, 
from a jug, or with a sponge squeezed out above 
the parts to be lightened. In small sizes a brush, 
charged with cold or warm water, may be used 
but, for any small degree of lightening, and 
for all alterations to the principal subject, it 
will be found better to wait until the print is 
half dry, as the gum is then much more resis- 
tant. 

After each local treatment, rinse with plenty of 
water in order to carry away particles of coloured 
gum which have been detached. For deepening 
of tones, colour taken from the margins of the 
print is used. 

With an under-exposed print, in which the 
adheres very slightly to the paper, it is 
to let the F^t first get completely dry. 
The gum is thus hardened, and the print may 


be moistened by a few minutes’ immersion in 
water before proceeding to the retouching. 

819. Multiple Printing. A process often used 
(and sometimes abused) consists in superposing 
in register, on the same sheet of paper, severed 
impressions in the same colour, or in different 
colours. Each partial image must, obviously, 
be kept much less dense, and, consequently, 
the proportion of colour to gum should be less. 

To allow easy registration of successive 
impressions from the same negative, the latter 
is held in a cardboard holder, from which pro- 
trude the points of three or four drawing-pins, 
pushed into the card on the side corresponding 
with the back of the negative. The cardboard 
should be recessed a little, so as to accommodate 
the heads of the drawing-pins, and thus the paper 
is perforated by the points of the pins and is 
held in the same place on the negative during 
the repeated printings. The paper must be 
backed with felt, thick enough to prevent 
contact of the pin-points with the hinged back 
of the frame (F. Grandmaitre, 1923). 

After the development of each impression, 
the print is put aside to dry thoroughly. The 
next gum layer is coated, and the print is 
replaced in the frame for the next exposure, so 
that the perforations of the sheet re-engage 
vith the drawing-pins. 

820. BichromaM Wash-drawing. This inter- 
esting variation of the gum-bichromate process 
is particularly suitable for obtaining large 
pictures, by printing under enlarged negatives. 

A drawing-paper is first sized with a very 
thin film of weak gelatine solution. The 
beginner should choose a paper with fine grain. 
For this, the following mixture is used — 

Crystallized sugar * 4 8 

Soft photographic gelatine . *48 

Water zoo ml 

prepared by allowing the gelatine to swell in 
the sugar solution, and dispersing it over a 
water bath below ii5°F. The sizing is prefer- 
ably done in a room at a temperature of at 
least 70°F; the paper should then be at the 
same temperature as that of the room. It is 
fixed with drawing-pins to a drawing-board, 
placed level, and the gelatine solution poured on 
the centre in the proportion of i ml for each 
16 sq in. of surface to be covered. The solution 
is spread with a swallow-tail brush, previously 
impregnated with the gelatine solution, and 
squeezed out on its ec^es. The solution is 
driven into the pores of &e paper by vigorous 
operation of the bnuh, spreading it evenly until 
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the sizing has a mat appearance. The sheet is 
then passed through the steam from a pan of 
boiling water till the gelatine becomes uniformly 
glossy. In the interval between the two sizings 
the brush is held in the steam to prevent the 
gelatine in it from setting. 

Now. put I g of de-greased lamp black 
(choose a black of brownish tint) on a piece of 
glass placing the powder in the form of a 
crater. Then pour into this 2*5 ml of a 50 |)er 
cent solution of gum arabic; mix thoroughly 
with a flexible knife, adding gradually 2 ml of 
water. Grind with a glass muller for about 
10 minutes, until the mixture becomes perfectly 
even. To cover a sheet of paper 20 in. x 26 in., 
about 2 g of this paste is placed in a clean cup, 
and about J in. of the strip delivered by a tube 
of sepia water colour is added. Thib gives a 
warmer tone, and, at the same time, improves the 
adhesion of the coating. Now add from 15 to 
iS ml (the smaller quantity in cold and damp 
weather, the larger in warm and dry weather) 
of the following mixture, prepared with boiling 
water — 

Crystallized sugar . . 2 g 

Starch .... 2 g 

Water xoo ml 

After mixing thoroughly, this paste is placed 
at the centre of the gelatine-coated sheet and 
spread with the swallow-tail brush previously 
charged with water. When the colour begins to 
thicken, a flat goat-hair brush is used to finish 
oft the coating, the first stroke of this brush 
being at right angles to the last stroke of the 
swallow-tail brush, so as to break up the 
streaks. Continue in this way until the sheet is 
surface-dry, and then leave to dry thoroughly by 
hanging from stretched cords. 

The sensitizing is done, as required, by 
immersion in a z per cent solution of ammonium 
bichromate, with the addition of i per cent of 
neutral sodium or potassium citrate. 

The negatives best suited for this method of 
printing have a density range of about 1*3. 

The exposure should be about equal to that 
required to make a P.O.P. print for toning and 
fixing. 

Before development, the print is immersed 
face downwards for about 10 minutes in a dish 
of water at ii5®F, taking care to avoid ad- 
hering air bubbles. As the water slowly cools 
down, the print is moved about from time to 
time. The print is then fixed to a rigid support, 
slo^ to about the angle of a painter’s easel, 
and development is begun by squirting the 
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surface with water at a temperature of about 
i8°F above that of the soaking water. This 
may be done with a toilet spray or an air 
brush. The spray is held from 12 in. to 16 in. 
from the print, and the water is squirted all over 
the surface. The development may be localized 
as required by bringing the vaporizer nearer. 
Development takes about 20 minutes for a 
surface 9 x 5 in. which has been correctly 
exposed. 

Prints by Dyeing Films of 
Bichromated Gelatine 

821. General. If bichromated gelatine is 
coated on a support impermeable to aqueous 
solutions, dried, exposed under a positive, and 
then* rinsed with water to remove excess of 
bichromate, aqueous solutions of certain dyes 
will penetrate the gelatine where it has been 
protected against the action of light, but will 
not penetrate the more hardened regions. The 
dye absorbed by the gelatine thus forms a 
continuous-tone positive image. (E. Edwards, 
1875 ; C. Cros, 1880). 

Similarly, a gelatine relief, obtained in the 
same way as a carbon print, but by means of 
unpigmented gelatine (A. Chardon, 1875), may 
be transferred to a support, or made on an 
impermeable film support, and dyed uniformly 
by means of dyes, which are readily fixed by 
almost impermeable gelatine. In this case, as 
in making a carbon print, a positive is obtained 
by printing from a negative. The latitude 
(straight-line portion of the characteristic curve) 
becomes considerably greater when the pene- 
tration of light into the film is impeded by the 
presence of an absorbent substance. The con- 
trast tends to be less, but this can be remedied by 
using a stronger dye bath. The maximum 
latitude is obtained only after long immersion 
(24 hours or more), the penetration of the dye 
being very slow in the most strongly tanned 
parts (A. C. Hardy and F. H. Perrin, 1928). 

It was found by Cros that the dye thus 
absorbed by the gelatine could be transferred 
to moist paper placed in contact with it. One 
film of gelatine is thus able to give a number /of 
prints if it is re-dyed after each transfer. He 
gave this process the name of hydrotype, 
Sanger-Shepherd (1902) made a similar observa- 
tion in the case of images obtained by dyeing a 
gelatine relief, using a paper coated with very 
soft gelatine for t^&ng impressions. L. Didier 
(1903) worked out the dyes best lending them- 
seWes to selective absorption on undeveloped 
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gelatine, and to the subsequent ** printing " by 
contact with gelatine-coated paper. This method 
was put on the market under the name of 
Pinatype. 

These methods are employed chiefly for 
obtaining multicolour transparencies for use as 
advertisements and for the production of three- 
colour pictures on paper. By using a black 
dye with the Pinatype process, reversed negatives 
or positives may be made in one operation. 

The images thus obtained, even when the 
further precaution is taken to mordant the dyes 
absorbed by the gelatine, are never quite fast, 
and so should never be exposed to the direct sun. 

822. Imbibition without Development— Pina- 
type. Fogged or doubtful plates may be used 
after removal of the silver bromide. After 
fixing with h3qx) and washing, the plates are 
dried, then sensitized in a 2*5 per cent solution 
of ammonium bichromate (neutralized by the 
addition of anunonia until it turns bright 
yellow), and then put aside to dry. Alternatively, 
the glasses from waste negatives may be gelatine- 
coated. The cleaned glasses are first coated 
with a very weak solution of sodium silicate 
(commercial solution diluted about fifty times 
with water) in order to increase the adhesion 
of the gelatine to the glass, drained, and dried. 
The glasses are then levelled, sihcated side 
upwards, and coated with a solution of hard 
gdatine (4 per cent for transparencies or 8 per 
cent for a Pinatype printing plate) in the pro- 
portion of 50 to 65 ml per sq ft. After dp^g, 
the gdatine-coated plates are sensitized in the 
iMifh given above. 

After exposure under a positive transparency 
(or under a negative when making a duplicate 
negative), the plates are washed for five mmutes. 
Tl^ exposure should be controlled with an 
actinometer. To avoid dilutii^ the dye. the 
plates are best dried before dyeing. 

When it is not desired to print the image by 
transferring the dye to sized paper, the dyeing 
may be done in approximately 2 per cent 
sdtttioDS of one or another of the following dyes 
(L. Lemaire. 19x1). or in suitable mixtures of 
these dyes— 

Red : Crooeiiie Scarlet. Kiton Red 6 B. 

Yelkma: Ijasamine yellow, quinoline yellow. 

Gfeen: Naphthol green. 

Blue: Piamine blue. 

Vioitet; Lanacyl violet. 

SluHhor 

pUipUihblacki: Naphthol black, naphthaline , 
Mack. blacki. 

For tratiiier of the image to paper, use is 


made of the dyes given below. These are 
equally suitable if the image is not to be trans- 
ferred. 

Red ; Dilute 3 to 4 g of natural carmine (cochi- 
neal) with a very little distilled water, 
add just enough ammonia to dissolve— 
2 to 5 ml — and add distilled water t<> 
make 1000 ml. 

Blue : 3 per cent solution of pure diamine blue or 

benzoine blue BB. 

Green : 3 per cent solution of naphthol green B. 

Yellow : 3 per cent solution of thioflavin S.. acidi- 

fied with a little citric acid. 

After soaking in the dye bath for about 10 
minutes, the plate is briefly rinsed. A small 
squeegee is used to apply to it a sheet of sized 
paper (soft gelatine, with no alum, or very little), 
e.g. double-transfer paper, as used in the carbon 
process, which has previously been soaked in 
cold water. This is covered with moistened 
blotting-paper, then with rubber sheeting to 
prevent drying, and is left for 10 to 15 minutes, 
during which time the colour passes from the 
hard to the soft gelatine. From time to time 
a comer of the paper may be lifted for examina- 
tion. taking care to replace the two gelatine 
surfaces immediately in contact. 

For further prints, the dyeing of the plate 
will only need three minutes. 

Whether direct dyeing of the positive trans- 
parency or transfer to sized paper is used the 
dye must be fixed on the gelatine by immersion 
for about five minutes in the mordanting bath — 

Chrome-alum . • 2 g 

Copper sulphate • 2 g 

Water to make . 100 ml 

and then rinsed for about five minutes. 

Images obtained by transfer from one layer 
of gelatine to another always lose some sharpness 
owing to the lateral spread of the dye unless 
the receiving gelatine has been uniformly 
mordanted (R, von Arx, 1927). It has been 
si^g^ted that this mordanting be effected by 
dipping the gelatine-coated paper in a solution 
of aluminium sulphate or alum, and then in a 
buffer solution of sodium acetate, the success 
of the transfer depending essentially on ^e 
degree of acidity of the gelatine receiving the 
image (M. W. Seymour and A. Clair, 19^). 
Processes utilizing the transfer of a dye are 
usually rather difficult to control; their com- 
mercial application always demands delicate 
adjustment 

^3* Djreifig of G e la tine Reliefs. To obtain 
reliefs for dyeing, , suitable material is gektiao* 
bromide (ceUnldd) fldm without gelatine coai|fig 
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on the non-emulsion side. This is sensitized 
with bichromate, exposed under a negative 
through the back (the uncoated side of the film 
against the emulsion side of the negative), 
developed in warm water, the silver bromide 
removed in a fixing bath, and dried. The relief 
so obtained may be dyed by immersion in solu- 
tions of a very large number of acid dyes. 

For the preparation of a carbon pigment paper 
readily permitting of the superposition of several 
component images, the process described in 
1901 by A. and L. Lumi^re may be used. 

A sheet of glass is polished with talcum 
powder (French chalk), and the edges then 
coated with thin rubber solution. 

When the rubber is dry, the glass is coated with 
enamel collodion, and, after drying the collodion, 
a sheet of clean paper is applied to the coated 
side by means of a solution of gelatine, warmed 
to i2o°F, into which the paper and the glass 
are placed. The two are brought into contact 
in this solution, and the excess is immediately 
expelled with a squeegee. 

After drying, the paper is coated with white 
varnish, diluted with an equal volume of alcohol, 
and left for about 12 hours to dry. The paper, 
still secured to the glass, is now ready to receive 
the bichromate mixture, temporarily tinted 
with cochineal — 


Gelatine, emulsion quality 

. 120 g 

Pale strong glue 

, 120 g 

Ammonium bichromate . 

6og 

Potassium citrate . 

10 g 

Cochineal red 

I g 

Alcohol .... 

. 200 ml 

Water .... 

. 1000 ml 


This mixture, filtered through muslin, is 
coated on the levelled plates, in the proportion of 
50 to 65 ml per sqft. When the gelatine h^ 
set the plates are placed on racks and dried in 
the dark in a current of air. The dr5ring con- 
ditions should be kept constant, any variation 
being liable to produce coloured areas in the final 
picture. After drying, the papers are removed 
from the plates that have served as supports. 

Following exposure under a negative (con- 
trolled by an actinometer), the paper is trans- 
ferred to a collodion-coated glass jfiate, prepared 
according to the formula above, and then 
covered all over with a very dilute solution of 
rubber (7 g per 1,000 ml). 

Before development, the transfer is left in cold 
water for about two hours to allow the gelatine 
to swell uniformly ; the development is carried 
out at between 95”F to xo4°F; when the 


development is finished the picture is decolor- 
ized, and then presents the appearance simply 
of a very slight relief. It is then washed in cold 
water, and put aside to dry. 

For the dyeing use may be made, among other 
colours, of the foDowing baths (three-colour 
dyes, A. von Htibl, 1912) or mixtures of them — 

Rhodamine S. . 0'25 g 

Solid bluish green Bayer — T g 

Naphthol yellow . . — — 0-5 g 

Alcohol 90° . . . TOO ml 100 ml 100 ml 

Glacial acetic acid . -- 5 ml 5 ml 

Saturated chrome-alum 

solution ... — — 50 ml 

Water to make z 000 ml 1000 ml z 000 ml 

After the dyeing, which, at the dilutions given, 
may take several hours, the excess of dye is 
removed by a brief rinse. 

When there is occasion to superimpose several 
component images, the final effect may be 
judged by packing the plates bearing these 
images in two wooden blocks, placing the whole 
well above an opal glass or white paper. The 
necessary corrections, general or local, may then 
be made by fresh dyeing or by decolorizing with 
water rendered slightly alkahne with ammonia. 
Each of the pictures is then mordanted, as 
previously described, rinsed, and put aside to 
dry. 

The dried images are coated with a 1*5 per 
cent solution of rubber, then with a i per cent 
solution of collodion. To superimpose the pic- 
tures, use is made of a temporary support, pre- 
pared as indicated below, cemented to one of 
the pictures with a 15 per cent solution of 
strong glue. After complete drying, the paper 
is removed, bringing the print with it. This 
latter is applied on the next image by means of 
an alum-g^tine solution, made as follows— 

Hard gelatine .... Z20 g 

, Glycerine 50 ml 

Chrome-alum, 10% solution . 10 ml 

Water to make .... 1000 ml 

The two images are registered through the 
glass and a squeegee is used to remove any excess 
of gelatine, and the whole is left to dry. The 
paper, carrying with it two pictures, is then 
removed, and the process repeated for the 
succeedi]^ image, lliis method may be used 
to transfer the whole series of the pictures to 
glass, or to keep it^ a film. In both ca^ the 
paper may be ^tached from the block of images 
by immersion in warm water, which dissolves 
the glue but not the hard gelatine. 
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Dusting-on Processes 

824. General. Gamier and Salmon showed in 
1859, that a thin layer of albumen, sugar, and 
bichromate, coated on glass, dried, and exposed 
under a positive transparency, will retain image- 
wise mineral substances in powder form dusted 
on the surface. The powder does not adhere 
to parts sufficiently modified by the action of 
the light. The tone rendering obtained by this 
process is very satisfactory. 

With some minor mod^cations, this method 
has been regularly used since then for the 
production of photographic enamds, and for 
the photographic decoration of ceramic goods. 
In this case, powdering is done with vitrifiable 
glaze colours. Vitrified photo^aphs are un- 
affected by atmospheric conditions only if the 
"flux" used is not too rich in lead salts (which 
would gradually turn black by sulphiding) and 
contains only a small proportion of soluble salts 
(borax, etc.), which are sometimes used to lower 
the melting point. 

The method is suitable for making direct 
duplicate negatives or positives. It also provides 
a means of intensifying negatives or positives 
without affecting the origind image in the least. 
It is for these latter purposes that it is described 
below. 

Some years ago R. Namias (1922) resuscitated 
a process used in 1879 by A. Sobacchi for copying 
tracings, and appli^ it to pictorial photographic 
printing (resinopigmerUype) ; a similar process 
was brought out by £. Buri (1924). 

835. Direct Reproductions by the Powder 
Proo^ The sensitizing solution is made up 
in cold water as foUows — 

Gnm arabic . • 50 g 

Sugar 100 g 

Water to make . 1000 ml 

to which may be added antiseptic, e.g. 2 g of 
salicylic acid. At the time of use, the required 
quantity of this liquid, which must be quite 
clear, is mixed with a -quarter of its volume of a 
20 per cent solution of ammonium bichrpmate. 
This mixture is coated in a thin film on a clean 
g^ass. The excess liquid is drained off, and the 
plate is dried by holding it, coated side upper- 
most, over a gas ring until the coating is no 
longer sticky to the touch. Before the glass 
has quite cooled down, it is placed in a fnune 
under the negative (or positive transparency), 
wliidi should be perfectly dry, and exposed to 


As soon as the exposure has been given, the 
plate is supported above a sheet of white paper, 
against which the development of the image is 
watched. Care is taken not to breathe on the 
sensitive coating. To prevent this, a piece of 
glass may be held in front of the operator. 

A large, very soft, and perfectly dry badger- 
hair brush is dipped in the finest powdered 
graphite, which should have been dried for some 
minutes in a metal container on a stove. The 
brush is then drawn very lightly in all directions 
over the sensitive surface. 

The image gradually appears as the portions 
of the layer which were protected from the 
action of light absorb moisture from the air. 
The contrast of the image will not increase 
beyond a certain point after which the powder 
begins to adhere uniformly all over the surface. 
Powdering should be stopped before this point 
is reached and the image is immediately given 
a coating of collodion. 

The same method is used in intensifying a 
negative, the sensitive coating being applied on 
the surface of the image, which has been 
previously varnished. 

The method may also be used for obtaining 
positive images by printing from a negative 
on a black support. In this case, powdering is 
done with a white or very light powder such as 
aluminium or bronze powder. 

826. Resinopigmentype. The material used is a 
smooth paj^r base, heavily coated with har- 
dened gelatine. This is sensitized by immersion 
for two or three minutes in a 5 per cent solution 
of ammonium bichromate. 

The sensitized paper is exposed under a 
positive transparency until a weak negative 
image in brown on a yellow ground is seen on 
the paper. 

The print is left in water, which is renewed 
several times, for long enough to remove all 
colour from the background, on which appears 
an extremely weak yellowish image. The print 
is then placed in hot water (about I20^F) until 
it shows well-marked relief. This takes two to 
three minutes. If the paper has been sensitized 
several days beforehand, it is necessary to add 
1 to 2 per cent of ammonia to the warm water. 
The print is then laid face down on several 
thicknesses of blotting-paper, and dried with 
filter paper or with a pad of butter muslin. 

Immediately afterwards the image is powdered 
with a specially prepared pigment mixture. 
This is made by grinding and powdering a 
mixture of rosin and wax with a suitiw 
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pigment (lamp-black, mineral colours, etc.). 
The mixture is spread with a very soft round 
brush and carried over the surface of the gela- 
tine in circular movements, pressing harder on 
those parts where it is wished to increase the 
density of the image. Excess powder is swept 
away with the same brush, and any working-up 
of the shadows is then done with a somewhat 
stiffer brush. 

In case of lack of contrast, the print is put 
in cold water, and powder is removed by friction 
with a cotton pad. The powdering is then 
repeated, after having passed the print again 
through hot water, with the addition, if need 
be, of a stronger dose of ammonia, to increase 
the swelling. 

As the pigment adheres very lightly to the 
damp print, retouching is easy at this stage by 
erasure with a moistened brush, after blotting 
oif. However, it is as well to dry the print first 
and then to remove the last traces of bichromate 
by immersion in a very dilute solution of sodium 
bisulphite, followed by a quick rinsing. After 
drying, erasing may still be done with india- 
rubber or an erasing knife. 

The colour may be fixed by passing the dry 
print through steam from a vessel of boiling 
water. The colours set without making the 
print glossy. Alternatively, the print may be 
sprayed with a clear, spirit varnish. 

Prints in Greasy Inks on Bichromated 
Gelatine 

827. General. The process of making prints 
in greasy inks on bichromated gelatine is known 
as the Oil Process and was introduced for use in 
pictorial photography by G. E. H. Rawlins in 
1904, It is, in fact, only a variation of methods 
used since 1855 in various photo-mechanical 
processes such as collotype and production of 
prints for photo-hthographic transfer. The 
process consists of exposing a layer of bichro- 
mated gelatine under a negative and washing it 
in water to swell those parts which have been 
protected from exposure. Owing to the mutual 
repulsion between water and greasy substances, 
the ink takes only on the least swollen parts of 
the image. 

In the Rawlins method the crude and mechan- 
ical action bf the ink roller is replaced by inking 
with a brush, which is easy to control and to 
localise. In the hands of an artist this is a 
method of wonderful elasticity, and can yield 
prints of great beauty. Neverthdess, there is 
the layer of gelatine which forms the support 


of the image. This drawback has been removed 
(R. Demachy, 1911) by transferring the image 
to plain paper of a quality usually used in art 
copper-plate printing. The gelatine-coated paper 
on which the image has been made thus plays 
the part of a printing plate. 

The image, printed from a negative in the 
normal way, is correct, as regards right and left, 
on the gelatine-coated paper. Thus, it is 
reversed by the transfer. Where it is important 
for the picture to be the correct way round the 
print should be made from a laterally reversed 
negative. Alternatively, the ink may first be 
transferred to a rubber blanket and then 
re-transferred to paper (J. Rowatt, 1922). 

828. Materials and Apparatus. The gelatine- 
coated paper is generally chosen from among 
double-transfer papers for the carbon process 
avoiding those which are stiff or which have a 
glossy surface. 

Beginners should choose smooth or mat 
papers rather than grained ones. When the 
ink is to be transferred, only smooth-surfaced 
papers can be used. The paper should be cut 
so as to allow a margin of about f in. all round 
the subject. Inking cannot satisfactorily be 
done up to the edges of the sheet. 

The inks supplied on the suggestion of 
Rawlins for use in this process were very fluid 
and quick-drying. They covered the paper 
almost uniformly if the gelatine was only 
moderately swollen. Gradation was then ob- 
tained by removing the ink by tapping with a 
dry brush. Soon afterwards, R. Demachy 
and C. Puyo recommended the use of two 
types of ink of different consistencies. jBy 
using mixtures in different proportions according 
to the degree of swelling of the gelatine, it is 
easy to ink the image without having to remove 
any ink which has once been applied. A very 
hard ink such as is used for lithographic 
machine printing, and a relatively fluid ink as 
used for copper-plate printing are suitable for 
this technique. These inks are manufactured 
in all shades. The beginner will be wise to 
limit himself to blacks, which may be made 
wanner by the addition of a little burnt sienna, 
or colder by a little ultramarine blue. Copper- 
plate inks are supplied in metal tubes of the 
kind used for artists' colours. Litho^aphic 
inks are harder and can only be packed in tins. 

Inking is done with polecat-fitch brushes 
shaped like a Mnd's-foot of diameter up|^ 
priate to the size of image to be inked. The 
mks are mixed on a piece of glass, using an 



484 


PHOTOGRAPHY: THEORY AND PRACTICE 


artist’s straiglit palette knife, or, failing this, 
an old, flexible<bladed table knife. For the 
inking operation, the print is placed on a bed 
of several thicknesses of damp blotting-paper 
on a piece of plate glass. 

829. Sensitizing and Exposure to L^ht. The 
paper may be sensitized by soaking in a 2 per 
cent aqueous solution of potassium bichromate. 
The sensitized paper keeps only for about 
48 hours. 

In spite of the iact that negatives of various 
contrasts can be printed by this process, it is 
desirable to start with those of medium con- 
trast. 

Inking with litho ink is only possible with a 
print which has had an exposure much longer 
than would be suitable for inking with copper- 
plate ink. Between these two limits all times 
of exposure will be satisfactory provided that 
a suitable mixture of inks is used. 

Although the image appears in pale brown 
on the yellow ground of the paper it is not 
easy to judge the exposure by this and it is 
therefore desirable to use an actinometer. 

830. Washing, Swelling, and Drying. As soon 
as possible after exposure to light, the paper is 
washed in several changes of water until nearly 
all colour has been removed and is then placed 
in a solution of sulphuric acid of about i per 
cent where the paper will be completely de- 
colorized in two to three minutes. The print is 
then rinsed in several changes of water. In 
this condition the sheet may be inked, or the 
inking may be indefinitely postponed. In this 
case it will only be necessary to re-moisten the 
dry sheet of paper. 

To condition the gelatine for inking, it should 
be swoUen until the relief is plai^y visible. 
This swelling may be done by immersion in 
tepid water (77®F to 86®F) or in cold water to 
which has been added 4 per cent to 10 per cent 
of ammonia; this is brushed over the surface 
of the gelatine. 

After suitable soaking, the print is placed 
on the bed of moistened blottii^-paper, where 
it will adhere, and dried by wiping (not by 
dabbing, which might leave rough spots) with 
a pad of chamois leather or an old handkerchief. 

831. Inking the Print. In two opposite cor- 
ners of the palette are placed small dabs (about 
M largB as a pea) of litho ink and of copper-plate 
ink. These dabs of ink are then smoothed out 
with a knife. 

The inking bni^ is pressed on the mass of 
hard ink, tl^ tapped gently on a dean part 


of the glass in order to distribute the ink 
evenly throughout the brush. The brush is 
pressed fiat on a part of the print which indudes 
both a black and a white, pressing slightly up 
and down and at the same time turning it 
lightly round in the fingers, but without 
letting the hairs lose contact with the gelatine. 
If, on raising the brush, it is seen that the 
image is correctly rendered, with full blacks 
and nearly clean whites, and if the proper 
gradation can be obtained by light tapping, it 
may be concluded that the exposure and the 
swelling suit the litho ink and the inking may 
be completed with it. 

If the blacks do not come up, and if the 
tapping results only in removing ink from them, 
the exposure has l^en too short for use of the 
litho ink, or the swelling has been excessive. 
Successive mixtures of litho ink with various 
proportions of copper-plate ink should then be 
tried, at first very small, then more and more, 
until inking takes place easily. If, it is found 
necessary to use copper-plate ink almost pure, 
the print is probably too damp. 

In this case, the ink should be cleaned off 
and the print dried. It can then be re-swollen, 
this time to a lesser degree. 

On the other hand, should the gelatine be 
covered more or less uniformly with hard ink, 
the exposure may have been excessive, or the 
swelling insufficient. Further swelling may be 
tried, but the result will probbly be of mediocre 
quality. 

It is always best to begin inking in the most 
important part of the picture. After application 
of the ink by the gliding and twisting of the 
bru^, a light tapping takes away the excess of 
ink in the whites and causes it to penetrate the 
shadows. A very similar result may also be 
obtained by a rapid sweeping with the tips of 
the hairs. Portions of the picture of less interest 
are then lightly brought up with a brush almost 
free of ink, then progressively strengthened to 
the required density. 

At any moment the work can be wiped out 
with a pad of cotton-wool soaked in petrol, 
followed without delay by a soft sponge wdl 
charged with water. After this, the print may 
be replaced in warm water to swell, or in 
ammoniated water. 

Alterations in the composition of the ink 
allow various depths of tones to be obtained and 
controlled at wul. Parts treated with the soft 
ink may be lightened by tapping with a brush 
charged with hard ink. This will restore th^ 
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lost^contrast, by virtue of the greater stiffness 
of the ink resulting from the mixture. 

Pure whites may be made with a small brush 
wetted with water. Shadows may be obtained 
with a brush which has been charged with 
petrol. The flat tone which results is afterwards 
modelled by tapping. 

Hairs and particles sticking to the picture are 
easily removed by touching them with a hard 
rubber, shaped to a point. The same rubber is 
also useful for obtaining pure white accents. 

After each stage of the inking process the 
brushes should be well cleaned with petrol. 
After rinsing, they should be hung up, hairs 
downwards, to dry. 

832. Drying arid Cleaning the Print. Ink. 
images on a layer of gelatine dry very slowly. 
Thus, the print remains in a tacky state for 
a very long time, and contact of anything 
with the image is liable to remove the ink or to 
smudge it. In order to dry it, the print should 
be pinned by the four comers to a wooden 
board or a stout card, and left for several 
weeks. 

After drying for at least a week, the print 
may be immersed in a dish of grease solvent, 
such as petrol or carbon tetrachloride, for a 
few minutes. Care must be taken that nothing 
touches the surface of the print which is then 
drained and dried. This treatment leaves the 
image mat and makes it much less susceptible 
to abrasion. 

833. Obtaining Prints by Transfer. Although 
a good oil print may be made on any paper with 
an unhardened, mat gelatine coating, only 
papers with a fairly thick coating are suitable 
for making prints to be transferred. The 
gelatine must give a very strong relief and it is 
therefore helpful to use negatives of fairly 
high contrast. 

A print inked with lithoink never transfers so 
well as one inked with coppCT-plate ink. Al- 
though the image may be satisfactory, it does 
not follow that the transfer will be. The full 
quantity of the ink never transfers and the 
^dency of transfer is usually less when the ink 
is hard than when it is soft. Copper-plate ink, 
stifiened with a very little Htho ink, if necessary, 
is generally satisfactory. 

When seiveral transfers are taken from the 
same print, inked each time with the same ink, 
it is found that the contrasts increase from one 
print to the next. Even if the first print is a 
little grey, the fourth print will probably have 
blacks 80 dense that all detail will be lost. 


This is because the gelatine absorbs more water 
after each passage through the press, with 
proportionate increase in the relief of the image. 
Indeed, to obtain this effect it is not necessary 
to make actual transfers; the gelatine-coated 
sheet between two clean pieces of porous 
board may be passed several times through the 
press until eventually it absorbs so much water 
that it cannot be inked, even with copper- 
plate ink. This "blank printing" is often 
employed for facilitating the inking of prints 
intended for transfer. 

834. Papers for Transfer Printing. Transfer 
may be made on most papers, but it is easier 
to get good results on the unsized or half- 
sized papers generally used for printing artists' 
proofs from copper-plates. 

For press transfers, the unsized or half-sized 
papers should be damped. Sized papers are 
generally used dry, with the exception of 
drawing papers, which are slightly moistened. 

For transfer of prints about 10 x 8 in. 
without a press, the paper does not usually 
need to be moistened. 

Printing on damp paper always slightly 
reduces the contrast. 

In case of urgency the sheet to be moistened 
is dipped in water, drained, and wiped between 
two smooth blotting boards, preferably by 
passing through the press. When a number of 
prints are to be made, the following is a good 
method. A piece of zinc or glass larger than the 
paper is placed flat on a table ; on it are placed 
in succession a dry sheet, a sheet wetted by 
immersion in a dish of water, two dry sheets, a 
wet sheet, and so on, finishing with a dry sheet. 
The pile is covered with a piece of zinc or glass, 
and a weight is placed on top. In a few hours 
moisture spreads uniformly throughout the 
pile, and the paper will remain in condition for 
several days. 

, The paper may be wetted with liquids other 
than water in order to facilitate transfer witbi 
minimum pressure. This is useful when prints 
are required on grained paper without the grain 
being crushed. Petrol is suitable for this pur- 
pose (R. Demachy, 1933). 

835. Press Transfer. For the transfer a 
lithographic press or a copper-plate press may 
be used. For prints of small size it is possible to 
use a copying press or a dry-mounting press. 
If a press is to be bought specially, the most 
suitable are small nob^els of copper-plate 
presses used by engravers for taking proofs. 
On the bed of the press, one or two thidmesses of 
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woollen blanket are laid. These should be the 
same size as the bed. After unscrewing the 
tightening screw and lifting the upper cylinder 
by means of blocks slipped under the cylinder 
bearings, the bed is placed between the cylinders, 
taking care that its long sides are at right-angles 
to the axes of the cylinders. The upper cylinder 
is allowed to fall back on the blanket pad and 
the two screws are tightened equally. The 
hand-wheel is turned so as to engage at most a 
quarter of the length of the bed between the 
cylinders. The blankets are now raised and an 
assembly is made on the bed as foUows — (i) 
a piece of blot ting-board at least | in. larger 
than the printing paper; (ii) the inked print, 
face uppermost, centred on the blotting-board 
(the edges of the print should have been cleaned, 
if necessary, with a wad of damp cotton-wool) ; 
(iii) the printing paper, face downwards, centred 
on the blotting-board ; (iv) a second blotter of 
the same size as the first. On this blotter the 
blankets are pressed down, one by one, smooth- 
ing them at the same time. The handwheel 
is turned, slowly but continuously, until the 
sheets of paper are completely conveyed to 
the other side of the cylinder. The blankets are 
then lifted and the papers withdrawn. Once the 
print has been started on its passage through the 
press, the handle must be turned continuously 
as the slightest pause will cause a mark. 

836. Tmisfer Witiiout Press. The transfer 
of the image on to its final support may be done 
without a press by rubbing with the back of a 
spoon or similar hard, smooth tool. It is 
necessary to go over every part of the image 
several times, crossing the paths of the tool 
used. The printing paper should be lifted 
partially from time to time to judge the progress 
of transfer. Care must be taken to replace the 
paper in exactly the same place each time. 
Not only is this work tedious for a sheet of 
large size, but there is a risk of the paper not 
falling back exactly into its original place, thus 
giving rise to a double image. 

Various Processes 

837. Ozotype. A variation of the carbon 
proc^ was devised in 1899 by T. Manly. This 
process, however, has b^n abandoned since 
the introduction of the Ozobrome process 
described in Chapter XLVI. 

A sheet of sm^transfer paper (§800) is 
seniithBed in a solution of potassmm bichromate, 
dried, and exposed und^ a negative until all 
the details in the image are visible. A sheet of 


carbon pigment paper is immersed for about a 
minute in a bath of — 

Acetic acid, glacial . 3 ml 

Hydroquinone i g 

Water 1000 ml 

The print on bichromated paper is rapidly 
placed in this bath, and applied to the carbon 
pigment paper. The two are withdrawn together, 
the liquid between them is drained off, and the 
two sheets are left between blotting-paper to 
dry. After dr^dng. they are together placed in 
cold water for about half an hour, after which 
development is carried out as in the single- 
transfer carbon process. 

The chromium chromate, formed in the single- 
transfer paper during its exposure to light, is de- 
composed by the acetic acid, liberating chromic 
acid. This is absorbed by the incompletely- 
swollen carbon tissue and is reduced by the 
hydroquinone in the coating of pigmented 
gelatine. The products of this reduction tan 
the gelatine so that after development it remains 
adhering to the single-transfer paper (A. Haddon, 
1901). 

838. Dye Prints by Photo-mordants. A piece 
of fabric which has t>een well washed and dried, 
is soaked in a solution of potassium or ammonium 
bichromate, drained, and dried at a low tempera- 
ture. It is exposed under a negative till a brown 
image appears and then washed until the back- 
ground is colourless. The image, which is nearly 
invisible, is then formed of chromium hydroxide, 
which can act as a mordant for numerous dyes. 
For example, the mordanted material may be 
placed for from ten to twenty minutes in a 
boiling solution of alizarine, for red or violet; 
or of ^izarine blue, orange, or black, or anthra- 
cine blue or brown, or gallein, coeruletn, gallo- 
flavine, etc. (Persoz, 1857; E. Kopp, 1863; 
A. Villian, 1892). After dyeing, the fabric is 
rinsed, and the whites are brightened by 
washing in hot soap and water and, if necessary, 
cleared in a solution of sodium hypochlorite. 

Instead of using ready-prepared dye, a dye 
may be formed by oxidation of suitable organic 
sul^tanoes by means of the chromic acid 
available in the chromium chromate, formed 
during exposure to light. The operation may 
be carried out in the cold, and this process is, 
therefore, applicable to sized or unsized paper. 
The paper or fabric is sensitized with bidiromate 
and, after exposure under a negative, is washed 
in several changes of water acidified with 
o*z per cent of su^uric add. It is then 
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immersed in a very dilute solution of one 
of the following substances, together with a 
little sodium bisulphite (i to 2 g per litre of 
each constituent) paraphenylenediamine, par- 
aminophenol, pyrogallol, or other polyphenols 
or polyamines (E. Kopp, 1863 ; Andresen and 
Gusseron, 1899). 

839. Prints with Diazo Compounds. Several 
printing processes are known under the general 
name of diazotype. They are based on the 
destruction of diazo compounds by light, and 
on the property possessed by these substances 
of producing azo dyes by coupling with a phenol 
or an aromatic amine. These dyes are fixed on 
cellulose (paper, cotton, etc.) without a i)relimi- 
nary mordanting. 

These processes may be classified as follows 
(D. A. Sjxjncer, 1928)— 

1. The diazo compound A when decomposing 
in light, produces a substance B. Develop- 
ment is effected in an alkaline solution by a 
coupler C which gives with A a coloured com- 
pound that is insoluble and does not react with 
B (A. Green, C. F. Cross, and E. J. Bevan, 
1890). For instance, a fabric dyed with primu- 
line is diazotized (its colour changes from yellow 
to reddish) and dried in darkness. After expo- 
sure to light under a positive the image is fixed 
and intensified by coupling in a solution of 
/^-naphthol made alkaline with caustic soda. 
A red image is thus obtained. In all processes 
where the image is formed by decolorization, 
penetration of the sensitizer into the thickness 
of the paper should be avoided, since the sensi- 
tizer would then be incompletely destroyed and 
would give rise to a general tint of greater or 
less depth. 

2. The diazo compound A decomposes and 
produces a substance B. Development is effected 
by applying a substance C which with B gives a 
coloured product, but does not react with A 
(G. Koegel, 1926). For instance, a paper sensi- 
tized with a diazo compound is exposed under 
a negative and then treated with an ammoniacal 
solution of silver nitrate which develops a posi- 
tive image of reduced silver. 

3. The sensitizer is a mixture of the diazo 
compound A and coupler C. Reaction between 
them is prevented by the addition of an organic 
acid. Such papers can be developed by ex- 
posure to ammonia vapour without fixing or 
washing (G. Koegel, 1916-1922), or by wetting 


superficially with a very dilute alkaline solution. 
For making copies of tracings (positive images 
with brown or purplish lines on a slightly tinted 
ground) Ozalid paper is commercially available, 
and cellulose acetate film is sold as Ozafilm for 
copying X-ray negatives and cinema film. The 
process of dry development obviates any dis- 
tortion of the support by wetting and conse- 
quently any variation in the scale of the 
copies. The ammonia must be allowed to 
evaporate completely before the copies are stored 
away. 

4. The diazo compound A and the coupler C 
are coated on paper after one of them has been 
changed into an addition compound not suscep- 

. tible to coupling. Development is effected by 
decomposition of the addition compound by 
treatment with water vapour, ammonia or 
alkaline solution (A. Feer, 1889; F. van der 
Grinten, 1926). 

5. The diazo compound A is decomposed by 
light and a substance D is formed which is 
capable of coupling with the unchanged sub- 
stance A, either spontaneously after a com- 
paratively long time, or immediately by treat- 
ment with an alkali. This gives positive prints 
from negatives. (M. Andresen, 181)5; G. Koegel, 
1921.) 

840. Other Processes. Many other processes 
producing images in pigment or dye cannot be 
described here, even briefly. Mention should, 
however, be made of various processes based 
on the differential reactions of ferrous and 
ferric salts with organic colloids, and also the 
processes based on the tanning of the gelatine 
of a gelatine-bromide emulsion by the oxidation 
products of the developer (in particular pyro- 
gallol). Development is carried out in a devel- 
oper without sulphite or containing only very 
little sulphite to produce the tanning. Similarly, 
the reaction products of development may be 
made to react with amines or phenols added to 
the developer to form insoluble dyes (R. 
Fischer, 1912). For instance, violet tones would 
be obtained by dissolving thymol in a para- 
phenylenediamine developer. There are also 
various processes based on the fact that a 
solution of hydrogen peroxide, acting under 
suitable conditions on a negative or on a gela- 
tine-bromide positive, dissolves the gelatine in 
the parts where there is a silver deposit (M. 
Andresen, 1898). 
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S41. General. An image on bromide or chloride 
paper, can be used to render insoluble eithei 
the gelatine enveloping it or another film of 
gelatine in contact with it. This is done by the 
action of a substance which converts the silver 
of the image into a salt, is itself reduced, and in 
turn reduces a bichromate contained in the 
gelatine. 

If it is proposed to make the gelatine envelop- 
ing the silver insoluble, the intermediate 
reduction product must be insoluble', so that all 
the reactions take place in these parts. If, on 
the other hand, a film of gelatine placed in 
contact with the silver image is to be rendered 
insoluble, the intermediate reduction product 
must be soluble, the conditions being regu- 
lated in such a way that the final reaction 
is not instantaneous. The soluble products 
diffuse into the film to be rendered insoluble. 

Of the very numerous applications of this 
principle we shall describe only two processes 
in current use in photographic practice. By 
variation of details of the methods, however, it 
is possible to obtain images by dusting-on or by 
al^rption of dyes. Piints may be produced 
by transfer of absorbed dye to another film of 
gelatine. 

A distinct advantage of these processes over 
those utilizing the tanning of bichromated 
gelatine by the direct action of light is the 
considerable reduction in time of exposure to 
light. As a result, enlarged images may be 
nuule when required. 

The Carbro Process 

843. Working Methods. In the Carbro or 
Ozobrome process, invented in 1906 by T. 
Manly and improved by H. F. Farmer, in 1919, 
a carbon print is obtained from a bromide print, 
by single transfer, without lateral reversal of 
the oi^^inal bromide print. The result is as 
good as a direct carbon print in all cases where 
critical sharpness is not required. After rinsing 
and re-developing the original image can be 
used again for making further car^n prints, 
up to a maximum of about ten copies. 

The l^omide print should be made on a 
paper with v^ hard gelatine. The most 
SBi^le paper is a smooth mat bromide paper 


without supercoat. Papers specially recom- 
mended for the process are available commer- 
cially. Development should be carried as far 
as it will go. Fix in two baths, and wash very 
carefully. 

The carbon pigment paper is cut to such a 
size that it projects at least a quarter of an 
inch beyond the bromide print on all sides and 
is immersed for three minutes in Bath No. i 
below (F. R. Newens,, 1930) — 

Stock Soluiton No. i 


Potassium bromide . loog 

Potassium ferricyanide i‘>o g 

Water to make i ooo ml 

Bath No. 1 ready for use 

Stock solution No. i 20 ml 

Water .... 80 ml 


The paper is taken from Bath No. 1 and 
squeegeed, gelatine side downw'ards, on to a 
sheet of glass and blotted off. It is then stripped 
from the glass and placed in the second bath 
where it remains from 15 to 40 seconds. The 
shorter the time of immersion in this bath, the 
more contrasty the print will be. 

Stock Solution No. 2 


Potassium bichromate 40 g 

Chromic acid . 40 g 

Chrome-alum . 100 g 

Boiled water to make 1000 ml 

Balk No. 2 ready for use 

Stock solution No. 2 20 ml 

Botled water . 80 ml 


Bath No. I can be used repeatedly, provided 
it is occasionally filtered. Bath No. 2, which is 
subject to continuous alteration by additions 
from the first bath, must be renewed frequently, 
at least once during each spell of print-making. 
For the use of the Carbro technique for three- 
colour prints a fresh bath for each pigment 
paper is to be preferred. This technique is fully 
dealt with in Chapter LIII. 

In the meantime, the bromide print, previ- 
ously soaked in water until the gelatiM is 
completely swollen, is jdaced face upwards on a 
sheet of glass. 

The carbon pigment paper, on removal frfnn 
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bath No. 2, is laid with its gelatine surface 
against the silver image, leaving a uniform 
margin all round. Excess of liquid is rapidly 
removed with a squeegee, avoiding any shift 
between the two surfaces which may give rise to 
double images. The two papers are removed 
together from the glass, and left for a quarter 
of an hour between sheets of waxed paper. 
During this time, a sheet of single transfer 
paper, cut a little larger than the carbon 
pigment paper, is immersed in water for three 
to five minutes according to its thickness. It 
is then placed on a sheet of glass, gelatine-coated 
face upwards. The bromide print, now bleached, 
is gently separated from the carbon tissue, and 
placed in water. The carbon tissue is applied 
to the transfer paper and squeegeed down 
firmly. The sandwich is left undei pressure 
between damp blotting-paper for about 20 
minutes. The papers are then removed from 
the blotting paper and slid into a dish of water 
at a temperature of between 90° and g5°F. 
When pigmented gelatine begins to ooze out 
at the edges, the backing paper may be gently 
peeled off, and the remaining soluble gelatine 
washed away. 

The bromide print is washed in several changes 
of water, for at least 20 minutes, before being 
fully re-developed in white light. The re-devel- 
oped image is then washed without fixing. 

Various formulae have been published for 
replacing the two successive sensitizing baths 
by a single bath. However, single baths do 
not allow so much control of contrast, and the 
prints successively obtained from the same 
silver injiage become more and more contrasty. 
The density of the shadows increases whilst 
the details in the high-lights progressively 
disappear. Where only one print is required, 
the single-bath technique has the advantage 
of being easier to standardize. For this reason 
it is often used in trichrome carbro printing 
(Chapter LIII). 

843. Theory of the Carbro Process. The 
potassium ferrocyanide formed during the action 
of the mixture of potassium ferricyanide and 
potassium bromide on the silver constituting 
the original image reacts slowly with the bichro- 
mate, reducing It to chromic compounds which 
tan the gefktine, whilst the ferrocyanide re- 
verts to ferricyanide. A small fraction of the 
silver is attacked directly by the bichromate 
after immersion in the acid bath, but the 
chromic compounds arising from this secondary 
reaction tan the gdarine of the bromide paper 
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in situ, and cannot contribute to the formation 
of the final image. The fact that this reaction 
removes a certain fraction of the silver from 
participation in the main reaction explains 
the reduction of the contrast of the final image 
when immersion in the acid bath is prolonged. 

The beneficial effect of the acid on the 
preservation of the high-light gradation appears 
to be as follows (F. J. Tritton, 1926). The hard 
gelatine of the bromide print has swollen to the 
maximum possible extent during its long 
immersion in water before being placed in 
contact with the carbon pigment paper. The 
soft gelatine of the carbon paper, on the other 
hand, which has been immersed for a short time 
• only in a neutral bath, and then, at the last 
moment, in an acid bath which favours swelling, 
does not have time to swell much. Swelling 
therefore continues after it has been applied 
to the silver image, at the expense of the water 
contained by the bromide paper. The water is 
thus attracted, by a kind of suction, towards 
the layer of coloured gelatine. In this way, the 
diffusion of the potassium ferrocyanide formed 
in contact with the silver is directed towards 
the carbon pigment paper in a direction normal 
to the surface of contact. This is the reason w'hy 
there is no appreciable loss of sharpness, ^ 
would be the case if the diffusion were not 
directional. It has been found that the images 
are much less vigorous and sharp if the bromide 
paper is only slightly swollen and the carbon 
pigment paper is fully swollen at the moment of 
placing them in contact. 

By producing a very slight superficial tanning, 
the formaldehyde facilitates the tanning of the 
gelatine by the very small quantities of chromic 
tanning agents produced in the high-light details 
of the image. Finally, the acetic acid present in 
some formulae allows the gelatine to swell 
without promoting unduly the direct action of 
cjiromic acid on the silver, as hydrochloric 
acid does. 

The Bromoil Process 

844. The Bromide Print The conversion of 
a bromide print into an image in greasy i^ 
was described by E. J. Wall and C. Welbome 
Piper in 1907. 

The bromide papers prepared specially for 
this process have a thick feyer of emulsion, made 
with a very soft gelatine. Beginners should 
use one of these spe^ papers which aie avail- 
able commercially but ordiWy bromide papezs 
can be used, provided those with gdatine 
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which give good relief on swelling are chosen. 
It is well to choose mat papers on a stout, 
smooth base, with a coating able to stand 
transfers. Mat papers, as a rule, do not have the 
supercoat of gelatine used on the emulsion of 
glossy papers to protect it from abrasion. 
Moreover, mat emulsions contain starch ^ains, 
which do not swell so much as the gelatine on 
wetting, and thus produce a granulation of the 
surface of the gelatine which greatly facilitates 
inldng. 

The lightest tones of an ordinary image on 
bromide paper are not usually recorded in the 
final inked image, whereas the heavy tones are 
accentuated. The working conditions must be 
adjusted, therefore, so that the tones of the 
silver image range from a clear grey to a deep 
grey, and not from white to black. To obtain 
such an image, of sufficient depth and with 
only slight contrasts, ample exposure must be 
given with short development. Fog must be 
avoided, as this would reduce the swelling. 

For the same reason, old developer should 
not be used, since the oxidation products of 
development may cause a slight general tanning 
of the gelatine. If a tanning developer (e.g. 
pyrogallol) is used, the quantity of sulphite 
needs to be increased in order to confine the 
hardening action to the gelatine of the image. 

In order to allow the maximum swelling of 
the gelatine after wetting and before inking, the 
silver forming the image should extend, at any 
rate in the blacks, throughout the whole depth 
of the emulsion. In order to achieve this it is 
desirable to expose the paper fully and to 
develop the image for a short time in a slow- 
working developer. Acid amidol developer is 
favour^ for this purpose by some workers. 

Fixing can be done in a bath acidified with 
sodium metabisulphite. The fixing bath must on 
no account contain alum, which would reduce 
the swelling of the gelatine. 

845. Bteching the Image. Various methods 
have been proposed to ensure the tanning of the 
gelatine at the points where it encloses the silver 
of the image, in the course of which the image is 
bleached by conversion of the metallic silver into 
silver bromide. However, all of these methods 
give practically the same results. 

Bleadiing may be done as soon as the print 
has been mdusd bee bom hypo; or it may be 
done after drying, in which case the operation 
may be pootponed to any convenient time. 
Excdlettt results have been obtained on bromide 
prints several years old. 


It is usual to use a bath containing cupric 
bromide, or an equivalent mixture of potassium 
bromide and copper sulphate and a bichromate 
or chromic acid. The substitution of sodium 
chloride for potassium bromide only slightly 
modifies the results (H. D. Murray and I). A. 
Spencer, 1^33). The ust* of an acid bath, 
sometimes recommended for bleaching prints 
mth excessive contrasts, tends to induce a 
general tanning of the gelatine; subsequent 
swelling, and, therefore, inking, is then much 
more difficult. The most that should be done is 
to add a trace of acid to a very hard water in 
order to neutralize it, but it would be better 
to use boiled water. The following bath may be 
recommended. Sufficient solution for one print 
should be mixed just before use and should be 
discarded after use. 

10% solution copper sulphate 250 ml 
10% solution potassium bromide 500 ml 
I % solution potassium bichromate 100 ml 
Water to make . 1000 ml 

In this bath the image gradually weakens, 
and in a few minutes disappears almost com- 
pletely. The print is left in the bath until 
bleaching is complete. In any case it should 
be left for at least four minutes to avoid un- 
evenness. If bleaching takes more than five 
minutes the bath is probably exhausted and 
should be replaced by a fresh one. 

When treating a large number of prints, the 
bleaching of the image and the tanning of the 
gelatine may be done in separate operations by 
successive immersion in the two baths (H. J. P. 
Venn, 1926) given below, which keep indefinitely 
and which may be used many times, even at 
long intervals. 

^ ( 10% solution of copper sulphate . 19 parts 
^ 10% solution of potassium bromide 1 part 

f io% solution potassium bromide . 2 parts 

1 % solution potassium bichromate . i part 
Water to make .10 parts 

The bleached print is washed in several 
changes of water until the water is no longer 
coloured. It is then placed in a bath of i per 
cent sulphuric acid in which the last traces of 
the image disappear, the only sign left being a 
slight relief of the high-lights. A more concen- 
trated sulphuric acid bath weakens the tanning 
of the gelatine, especially in the hleh-lights. 
Hydrochloric acid has a similar effect. Finally the 
print is again washed in several changes of water. 
The print contains the whole of the silver 
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which formed the original image in the form 
of silver bromide which will darken on prolonged 
exposure to light. This would produce a double 
tone in the inked image. It is, therefore, best 
to dissolve this silver bromide in a fresh non- 
hardening fixing bath. After the usual washing, 
the print should be put to dry. This drying 
renders the gelatine in a suitable condition for 
inking. 

846. Swelling of the Image. Inking must be 
preceded by a swelling of the gelatine, causing 
the image to appear in slight relief. The best 
results are generally obtained with the maximum 
degree of relief. For a long time it was believed 
that inking up could not be effected satisfactorily 
except on very much swollen gelatine with a 
marked relief. Some bromide papers specially 
prepared for bromoil work ink up perfectly 
after a very short soak in tepid water which does 
not produce much swelling, and the image is 
visible only through the contrast between the 
mat portions (shadows), and the glossy portions 
(high-lights). The process can be carried out 
equally well on a print which has just been 
bleached, washed, and dried, or on an old print, 
even one several years old. 

To ensure the proper degree of swelling, it is 
usually sufficient to leave the print in cold water 
for several hours, or in tepid water (8o®F to 
95®Fj for a quarter to half an hour. It is also 
possible to hasten the swelling with a solution 
of ammonia (4 per cent to 10 per cent of am- 
monia). The print should be rinsed afterwards 
in cold water. 

847. Inking, Finishing, and Transfer. The 

inking of Bromoils is done in the same way as 
for oil prints, but usually a slightly softer ink 
is used. 

Inking is rendered more difhcult if develop- 
ment of the bromide print has been forced. 
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On the other hand, if development is incomplete, 
the gradation will be poor. 

As already noted prints may be de-greased or 
used for transfer. Prints intended for transfer 
should be laterally reversed in printing. 

It is possible to dissolve the gelatine in the 
ligliter tones of a bromoil print by treating 
it with a very dilute solution of sodium hypo- 
chlorite (G. Underberg, 1925). This process 
inevitably causes a certain loss of detail in the 
high-lights. 

Mention may be made of the possibility of 
transferring ink impressions in succession on to 
the same sheet of paper. The same bromide 
print may be used, or several prints from the 
same negative, and the inks may differ only 
slightly in colour, but be of varying consistencies, 
for double-tone effects. On the other hand, they 
may be of different colours for multicolour 
effects. Such effects are acceptable only when 
really well executed and it is therefore necessary 
to be sure of one’s ability before attempting 
such work. 

A variant of the conventional bromoil 
method was patented by F. F. Renwick and 
F. J. Shepherd (1932). This involves the use 
of a bromide paper with an emulsion hardened 
during manufacture. Development is stoppled 
in a weak acid bath (borax and boric acid) 
and the bleaching bath is kept at the same 
acidity. This avoids the difficulties which often 
arise owing to a local accumulation of calcium 
salts during intermediate drying. Fixing is 
done once only, after bleaching, and is followed 
by washing and drying. The ink is applied with 
a roller, either to a dry print or to a print 
swollen with water containing glycerine. The 
excess of ink is removed under water by means 
of a felt roller covered with rubber. If necessary, 
final touches are given by inking with a brush. 
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FINISHING AND WORKING-UP PRINTS : TRIMMING, MOUNTING, 
RETOUCHING AND COLOURING 


S48. General. Trimming must obviously re- 
move the edges of the print, which are often 
defective, owing to gelatine having separated, 
finger marks, etc. It gives the print a neat 
appearance, and should also remove unnecessary 
pi^ons wUch are without interest or disturb 
the unity and balance of the composition. It 
is very rare that the arrangement of the picture 
on the plate is perfect and that the standard 
sizes of the sensitive materials, negative or 
positive, include the subject to the best advan- 
tage. There are few photographs but will benefit 
by judicious trimming. 

The purpose of mounting is not merely to 
protect the print from the Action and wear to 
which a thin paper is exposed ; it aims also at 
setting the print apart from its surroundings, 
so that a spe^ator can concentrate his attention 
on it. The object of a frame is to place round 
the work an area of restful lines, in quiet tones, 
which isolate it from the coloured confusion of 
the walls; the prime quality of a frame is 
unobtrusiveness " (C. Puyo, 1903), 

Neither the paper nor the card which forms 
the background, nor the frame, can greatly 
improve a photograph, but it is equally true 
that they can, when badly diosen, do it a great 
amount of harm. The mounting of a print 
should therefore be studied, from the point of 
view of avoiding a commonplace and also an 
e|;travagant effect. 

849. How Mudi to Trim. The amount of 
picture to be trimmed away is best found by 
trial, using two L-shaped pieces cut out of thick 
paper and marked with a scale of half-inches, 
the numbers starting from the angle, so as to be 
sure of forming a rectangle. This preliminary 
study of the picture may result in sacrificing a 
relatively large portion of it. It is, therefore, 
weU to carry out this trimming as soon as the 
fiiBt print been made from the whole of a 
negative, for in this way it may be seen at once 
w&riier or not a smaller portion may give a 
better composition. 

In doing this, the general rules of artistic 
compositioa riiould be followed, and attention 
pidd to the following points. 

In the esse of a profile or three-quarter-length 


portrait the head should not be centred on the 
vertical axis of the trimmed print ; more space 
should be left on the side towards which the 
model is looking. In the case of half-length or 
full-length portraits, the trimming will have a 
great effect on the apparent height of the sitter, 
who is dwarfed if the photograph is trimmed at 
a point far above the head (this is the usual 
way of trimming children's portraits). On 
the other hand, the height of a figure appears 
greater if the print is trimmed close above the 
head. 

In photographs of architecture, landscapes 
with monuments, or industrial subjects, the 
trimming of the print should depend entirely on 
the vertical lines of the subject. Never depend 
on the horizontal lines, which, one knows, are 
not generally parallel with the horizon. If the 
picture has not been properly registered on a 
vertical plate, and if, consequently, the images 
of the various vertical lines cannot be parallel 
to each other (§34), choose judiciouriy an 
average vertical Ime, so as to distribute the 
error; trimming in parallelism with one of the 
vertical lines nearest to one of the sides will give 
the verticals on the other side an exaggerated 
obliquity. 

Land^pe often includes no vertical lines at 
all. In this case one is guided preferably by 
water (the apparent horizon of a seascape or a 
panorama, lakes and riversL or by the avei^e 
perpendicularity of trees. Failing such indica- 
tions, trimming is done so as to render the per- 
spective of the picture to the best advantage. 

Having dedd^ where to trim, mark the lines 
on the print with a hard, finely-pointed pencil, 
or, at least, maxic the comers of the recta^le 
which the trimmed print is to form. For 
paintings and drawings artists have adopted 
rectangles, the proportions of which are not 
simple whole numbers. A rectangle is often 
considered ideal when its sides are in the 
ratio of (y/s — 1) : 2. This is sometimes known 
as the golden mean." 

For the sake of variety in a collection, or to 
cut out part of a defective print, photograiphs 
are sometimes trimmed to dr^ or 0^ 
(ellipses). Such fancy trimming, h(mever,ali9^ 
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be used with restraint. A profile head may 
suitably be trimmed to a circle, after the manner 
of a medallion, or a half-^length portrait may be 
cut to an oval. 

850. Trimmii^. The trimming of prints is 
usually done with a shearing blade or cutter, 
operated by hand or foot. The usual pattern is 
one in which the cutting blade is fixed to a base 
on pivots which allow it to swing to and fro 
slightly. The print is placed on a bed which 
butts against the blade by the operation of a 
spring. On the bed being pressed down against 
the cutting edge of the blade, any margin of 
print projecting from the bed is cut cleanly off. 
Those models are to be preferred which comprise 
a .squared ^ide or a bed ruled in squares, the 
object, in either case, being to ensure rectangular 
corners when trimming. With some trimmers, 
specially designed for trimming prints with a 
narrow white margin, there is an adjustable 
arrangement ensuring automatically that each 
cut is made at a constant distance from the 
(masked) edge of the picture, this distance 
having previously been set by a register stop. 
The alternative means is to use a cutting tool, 
guided by a rule or set-square of glass or steel. 
Bevelled rules or set-squares should not be 
used as the cutting tool is liable to slip to the 
fingers holding the instrument down on the 
paper. Trimming with scissors demands great 
steadiness of hand and eye, and is rarely 
done. 

A suitable tool is either a bookbinder’s knife, 
fixed in a handle with a tightening screw, or a 
penknife, or a vaccination lancet in the form of 
a pen mounted in a stout penholder. Whatever 
may be the tool chosen, it should be frequently 
sharpened on an oilstone. 

The transparency of trimming shapes and 
set-squares of policed glass is an advantage, 
but tiiere is always a risk of their slipping over 
the print during cutting. Moreover, there is no 
need to see the picture if the cutting line has 
been determined beforehand. Ground-glass 
set-squares, which are sometimes used, have no 
advantages over those of steel. In order to 
prevent steel rules and set-squares from slipping 
over the print it is a good plan to stick on the 
underside a strip of orcmiary thin adhesive fabric- 
tape which must, however, be kept clesm. 
Rules and set-squares made of wood or ebonite 
should not be employed ; they are liable to get 
chipped and so be rendered u^ess. 

For trimming, the print should lie on a flat 
bed, soft enough to avdd the necessity for 


frequent sharpening of the tool. The best 
cutting beds are those of wood, made with the 
surface at right angles to the grain of the wood, 
as is done in the case of butchers’ blocks ; cuts 
made by the trimming knife thus disappear on 
wetting with water. Sheets of roofing zinc am 
often used (if new, they should be roughened 
to prevent slipping). The disadvantage of glass 
is that it very quickly blunts the tools. Again, 
the bed may be a sheet of cardboard or a pile 
of sheets of waste paper. 

Prints may be trimmed wet, using glass 
shapes and a wheel cutter, laying the prints face 
down on the glass. 

Trimming witli deckled edges is sometimes 
■ adopted for prints with wide margins on coarse- 
grained cards, and obviates the necessity of 
mounting on cardboard. 

Photographs printed in large numbers are, 
preferably, cut up in piles on a guillotine. 
For this it is necessary that the various sheets 
are piled in such a way that the pictures are 
exactly superposed, either by bringing two sides 
of each sensitive sheet against fixed studs when 
printing them, or by punches on the bed of the 
printer by which each sheet is perforated, these 
perforations allowing of the finished prints being 
registered on the bed of the cutting machine. 

851. Choice of Mounts. In choosing mounts for 
prints there are various points to be considered. 

In mounting silver prints with paste, it is 
very important that the mounting board should 
be free from sodium thiosulphate which is used 
in the manufacture of paper to destroy any excess 
of the hypochlorites used to bleach the pulp. 
This is liable to spread into the print before the 
paste is dry, and to affect the image in time. 
In the same connexion, the use of cards witii 
bronzed (imitation gold) lettering should be 
avoided ; the print may be defaced by particles 
of metal adhering to the card. 

• Cards used in wet mounting should be capable 
of resisting the tendency to curl as the print 
dries. 

When the prints are to be framed solid 
or “ close-up ” in wood frames (the mount not 
showing between the picture and the fraipe), 
the colour of the mount is of no consequence, but 
in all other cases the texture and the colour of 
the mount must be considered. From this point 
of view, very useful infonnation may be gained 
from a cardul study of engravings, charcoal 
drawings, red crayon drawings, and other works 
of art in monochrome in museums, exhilutions, 
and in the windows of picture-framers. In a 
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matter where taste and personal preference play 
the chief parts, it is obviously impossible to lay 
down hard and fast rules, but a few hints may 
be given with advantage. 

The mount should never be glossy or of bright 
colour. It must be remembered that a dark 
mount makes the lights of the picture look 
lighter, and, conversely, that a very light- 
coloured mount will increase the apparent depth 
of the blacks. The tones of the picture in relation 
to the mount may be made effective either by 
harmony or contr^, but colour contrasts are to 
be avoided if the picture is not in itself of con- 
siderable vigour. Blue tones (and blue-blacks), 
as well as browns, lend themselves generally best 
to an harmonious combination with the mount ; 
red and reddish tones will stand either harmony 
or contrast (for example, yellowish, greenish, 
or grey-blue mounts); pure black tones suit 
mounts of almost all shades. When there is any 
doubt, a neutral grey should be chosen; this 
tone suits any colour of the picture. It is often 
sufficient to have a narrow border, separating 
the picture from the mount, in order to modify 
their mutual effect. 

Fortunately, the use of variegated and orna- 
mental mounts, always in bad taste, has been 
abandoned. Dry-mounting methods, allowing 
the use of thin mounts, have provided photo- 
grap! beis with mat or rough papers of the many 
sha^ used for magazine covers and in modem 
high-class printing, in addition to drawing 
papers. Commercial nomenclature for the sizes 
of these papers is a.s follows — 


Medium 

Royal 

Double crown 
Demy 
Double cap 
Large poet 
Imperial . 


. iSin. X 23 in. 

. ao^in. X 25|in. 
. aojin. X 30} in. 
. lyfin. X 22} in. 
. 17 in. X 27 in. 

. i6im. X 21 in. 

. 22 in. X 30 in. 


When not used alone, such papers may be 
pasted to the cardboard (e.g. with starch paste) 
under suitable pressure. It is also possible to 
use fabrics pasted on card or, in the same condi- 
tions, leaves of wood veneers : rosewood, olive, 
walnut, etc. 

Thin pa^rs, especially in dry mounting, may 
be used with very pleasing results in muUipU 
momOing, By backing the print with a series 
of progressively larger mounting papers of 
varying size and tone a series of borders is 
product. The result is similar in effect to that 
obtained with wa^ and line on the cut-out 
mmmt used for framing engravings and water- 


colour drawings. A warning may be given 
against allowing the different borders to follow 
each other in c^er of depth of tone. 

Interesting effects may be obtained on light, 
smooth mounts by a toned border applied by 
means of an air brush (§Hf)f)), as follows. The 
print IS laid flat on a table and covered with a 
rectangle of stiff paper (trimmed with the print) 
covering the picture exactly, and is held in 
place by a strong glass plate (window glass or 
trimming shapt'), forming a paper weight. A 
rectangular mask cut out of stiff paper is centred 
exactly round the picture so as to expose only 
the part to be tinted ; this mask is held in place 
by four strip.s of strong glass, placed very near 
the edges (the same set of four strips suits very 
varying sizes if suitably placed). Then a very light 
tint of grey or bistre is laid on. If desired, tliis 
border may be completed by a border-line done 
mih tlie drawing-i)en in tiie same colour but 
a deeper tone. It is well to protect the mount 
from any contact with the steel rule (used for 
the lines) by covering each time with a piece of 
white paper the portion under the rule. The 
masks and counter-masks should be kept in 
proper order near the work table. 

Before deciding on a mount, the print should 
bt placed in conjunction with papers of different 
tints, more or less deep, so as to find the one that 
shows the picture to the best advantage. In 
choosing colours, beware of those which show 
differently in more or less yellow artificial 
light. 

For attaching prints without the use of an 
adhesive, gummed fasteners are sometimes 
fixed to the mount ; they have slits into which 
the comers of the print are slipped. This 
method is of more general use to amateur 
photographers for mounting small prints in 
albums. Finally may be mentioned the use, as 
mounts, of panels of veneer wood (for pictures 
of very large size), or of stout canvas (photographs 
used by commercial travellers). 

The albums sold for collections of photographs 
are very frequently unsuitable for individ^ 
requirements. In such a case one may make an 
album for oneself by taking the sheets on which 
the prints have been mounted to a bookbinder ; 
or, simpler still, the various sheets may be 
united by a cord, and a cover may be made of 
two pieces of cardboard (covered with paper or 
fabric), piercing in each two holes by means of a 
punch. In this case the punch must be fixed to a 
board on which have been screwed wooden 
blocks, forming stops, so that the p^orations 



FINISHING AND WORKING-UP PRINTS 


may be always made in the same places. As 
regards albums bought ready-made, choose 
those with removable leaves, which give the 
collector more liberty in mounting his prints. 

852. Placing the Picture on the Mount. A 
picture placed precisely in the centre of a mount 
will always appear to be too low. It is a tradition 
almost universally accepted that if the greater 
dimension of the mount is the vertical one, the 
upper and the side margins should be the same 
width, and distinctly narrower than the depth 
of mount below the print. If, on the contrary, 
the larger dimension of the mount is horizontal, 
the lower margin and the side margins should 
be equal to each other, and the space above the 
print of distinctly less depth. This rule applies 
even in the case — which is rather exceptional 
but sometimes quite good — of a picture, mounted 
lengthwise on an “upright" mount. The 
depth of the lower margin should differ very 
little from the height of the picture itself. 

Lateral centring of the print is faciUtated by 
the use of a divided rule with the zero in the 
middle, the two sides being numbered sym- 
metrically (V. Jobling, !()!()). It is sufficient 
to cover the numbering on a 12-in, rule with a 
band of paper, and to mark the new scale on 
this band. 

As a general rule, the margins are relatively 
much larger for a small print than for one of 
very large size. 

In multiple mounting, use is made alternately 
of bands of very unequal width, some being so 
narrow as to be merely lines. For example, the 
picture may be separated from the outer border 
(which is always the largest) by a line and band, 
or a line between two bands, or a band between 
two lines. Trials may be easily made on one of 
the corners of the picture, the successive mounts 
being applied so as to show the final appearance 
along two sides only of the picture. The 
under-tints frequently harmonize best by resem- 
blance one to another when at least J in. wide ; 
narrow edges usually harmonize best when they 
contrast with the average depth of the picture 
and the colour of the mount. 

B53. Various Methods of Fixing the Print on 
the Mount. For many years the fixing of photo- 
graphs on to their mounts was done with starch 
paste or, sometimes, gum arabic. The incon- 
venience of this method is that the print expands 
before being applied to its mount by the moisture 
of the paste, and thus becomes distorted in 
sha^, since the expansion takes place entirely 
at right angles to the fibres of the paper (§ 677), 

33-(G.S®S0) 


and persists after drying. Moreover, the strain 
put upon the card by the print tends to curve 
the whole, the print then appearing on a concave 
mount, unless steps are taken to prevent this 
curling or to remedy it. 

For mounting glazed photographs (§764) a 
narrow edging of rubber solution may be applied 
to the print, there being then no moisture to 
impair the brilliancy of the surface. 

Red or yellow spots which are sometimes 
noticed on prints mounted with rubber solu- 
tion are due to the action of the solvents on 
the dyes in the mount. 

In course of time, dry-mounting has come into 
common use. The usual “tissue" is thin paper 
'(“onion skin" or foreign post paper), impreg- 
nated on both surfaces with a preparation of 
shellac or thermo-plastic resin. 

The sheet is placed between the print and the 
mount. In either case, pressure of the whole at 
a sufficiently high temperature melts the shellac, 
thus ensuring perfect adherence of the print, 
without distortion of the image or curling of 
the mount, and with the additional advantage 
that the print is isolated from the mount and 
its possible impurities by an impervious coating ; 
also the print may at any tim(‘ be detached 
by subjecting it to a temperature slightly highe’’ 
than that used for mounting. 

More recently it has been the custom to 
attach prints on their mounts only by the upper 
edge, which gives the print no protection at all 
against being rubbed or torn. When this method 
ol mounting is adopted by professional photo- 
graphers it is customary to use a mount whose 
horizontal dimension is twice the ordinary 
width, and which is folded over on the print 
(folder mount) so as to provide it with a protect- 
ing wrapper. 

854. Mountants. Adhesives* for mounting 
photographs must not contain either acid (found 
in many liquid office pastes), which would cause 
the print to deteriorate or alter its colour, nCr 
hygroscopic substances (e.g. glycerine), which, 
by keeping the print slightly damp, renders it 
liable to be affected by the atmosphere. 

These conditions are fulfilled by freshly- 
prepared starch paste, whkh is specially suitable 
for thin papers, and by dextrine, which is 
thicker and more adhesive, for use with thick 
papers. 

In exceptional cases use is made of a solution 
of gum arabic, or of strong liquid glue (the kind 
usually sold in tubes for domestic purposes), or 
of rubber solution. 
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To prepare starch paste, about loo g of rice 
starch are mixed witli loo ml of water (preferably 
in a mortar), making a thick cream, without 
lumps. This is poured slowly into about 
250 ml of boiling water, which is kept boiling 
wliile the mixture is stirred with a spatula or 
wooden spoon until it turns to a bluish translu- 
cent liquid, which thickens on cooling. The 
adhesive power of the starch can be greatly 
increased by dissolving in it, while still hot, 
about 3 to 4g of gelatine, previously well 
swelled in cold water. Whilst the mixture is 
still warm about 0-2 g of salicylic acid or of 
th3miol may be added to it, to retard slightly the 
spontaneous liquefaction (due to bacteria), 
which, othen^ise, begins in a few hours. The 
paste should be filtered while warm through a 
piece of fine linen, so as to remove lumps and 
any extraneous matter. It is also possible to 
use the soluble starches such as are supplied 
for pasting w'allpaper. The paste is made by 
mixing the dry powder with a little cold water, 
and it keeps very well if an antiseptic, especially 
a very sniall amount of formalin, is added to 
the water. 

Dextrine paste is a thick, white, opaque mount- 
ant, which keeps indefinitely and is much used 
in offices. It is made by bringing about 1.000 
ml of water to a temperature of about I76'’F 
(this temperature should be maintained through- 
out the operation) ; in this is mixed 500-600 g 
of white dextrine, adding a little at a time, and 
maintaining the temperature until a translucent 
liquid is obtained ; to this is added about i g of 
thymol. It is filtered through fine linen and put 
into pots, closed at first only by a piece of linen. 
At the end of a few days the mixture becomes 
a thick paste ; the pots may then be corked. For 
use, the paste is thinned with a very little water, 
about as much as the bru^ will hold. 

Solution of gum arabic is prepared with the 
pale gum, roughly broken up and hung in a 
small mu^ 1^, in its own weight of warm 
water, with the addition of about 0*1 per cent 
of thymol. When completely dissolved it may 
be filtered if necessary. 

Ftdl Mounting. Mounting is done with a 
fauty stiff hog-hair brush, of the flat, fish-tail " 
type. The brush, once charged with the neces- 
sary amount of mountant, should not be put 
bai^ into the paste, nor should it be left so 
that the hain pick up dust or soil the work table. 
In the handle, as near as possible to the metal 
binding* may be screwed small wooden pegs, 
the end of tbs han d le being weighted with lead, 


so that, when the brush is laid down, the hairs 
are kept out of contact with anything. 

The prints to be mounted are soaked for a 
few seconds in water, and piled face downwards 
on a sheet of glass (obviously this method is 
not suitable for glaz^ prints, which must be 
mounted dry by means of an edging of stiff 
mountant). The top print is then coated with 
mountant. The print is then lifted off and at 
once laid in its place on the mount ; it is then 
covered with a piece of hard paper, and contact 
is ensured by pressure from the centre outwards 
with a linen pad or a rubber roller squeegee. 

To ensure correct placing of the print on the 
mount, the latter may be covered by a mask 
which is slightly larger than the print, and is 
held in position by weights; or the print may 
be laid face down on a card the same size as the 
mount, and centred correctly on it. The mount 
is then pressed down on the print, its edges 
coinciding with those of the card. 

If the mount is not liable to be injured by 
moisture, the print may be pressed into place 
with a damp sponge, at the same time removing 
any mountant from the edges. 

To keep the mount flat during the drying of 
the print, the mounted photographs are piled, 
face down (placing the first on a piece of blotting- 
paper or very clean ordinary paper), with a 
weight on top. Also, while dr)^g, they may 
be curved in the opposite direction by slightly 
springing them between pairs of wooden strips 
nailed to a board, the distance between the 
strips being a little less than the width or height 
of the cards. Also, if the cards on which prints 
are mounted are not stained by water, the place 
on the card where the print is to ^ applied 
may be moistened with a wet sponge, mounting 
being done when the card is bent. 

For mounting on canvas, the canvas should 
first be stretch^ on a stretcher frame (similar 
to those used for oil paintings). The print is 
laid face down on a glass slab and mountant 
applied to the back, ^e canvas is then laid on, 
firm contact ensured, the glass removed, and 
the print and canvas are left to dry, the canvas 
not being taken of! the frame un^ completely 
dry. 

856. Diy-nuninting. Dry-mounting, by means 
of ai^esives with a shellac base, is suitaUe for 
all papers the gelatine coating of whidi has 
been hardened by alum, pro^^led both print 
and mount are perfectly diy. In the case 
of rough papem, however, &ere is a riric 
of the grain being somewhat crushed. 
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dry-mounting papers with a “velvet” (velours) 
surface, due to free fibres, these fibres must not 
be crushed if the image is to retain its charac- 
teristic qualities. The face of the print should 
be protected, during its passage through the 
press, by a pad of felt covered with thin paper, 
which v^l prevent the fibres of the felt being 
caught up on to the paper fibres. Gum-bichro- 
mate prints, even when treated with alum, do 
not usually stand dry mounting; prints in 
greasy ink, previously deprived of grease, and 
also transfer prints (after about eight days) may 
be dry-mounted without difficulty. 

For ordinary work, dry-mounting is done in a 
press, the upper plate of which may be heated 
to about I 75 °F, as indicated by the thermo-' 
meter. The thermometers fitted on dry-mounting 
presses should be capable of withstanding a 
very much higher temperature than that normally 
required, as otherwise they usually burst the 
first time they are used. Presses of “swan-neck” 
pattern, which permit of the insertion of prints 
and mounts of any size, are preferable to presses 
with two uprights of the copying-press type, 
permitting the mounting of large prints being 
done only in several stages. It is convenient to 
set up the press so that its lower table is pro- 
longed by shelves, fixed or movable, particularly 
when it is desired to mount prints of large 
size in several stages. The wheel may be bound 
with cloth to prevent blisters on the hands. 

The vertical slides must be lubricated with a 
little graphite, greasy substances being avoided 
on account of the risk of spots. A very little 
of a grease with a high melting point should be 
used for the screw and joint. The press should 
be dismantled from time to time for cleaning. 
If the press is heated by gas the burners must 
be cleaned frequently to prevent the orifices 
being closed and the accumulation of soot. 

For occasional work, special irons may be 
used, similar to laundry irons, heated internally 
by gas or electricity and fitted with a thermo- 
meter ; or, again, ordinary flat irons (preferably 
those termed “ glazing irons ”) may be employed. 

Mounting comprises several successive opera- 
tions: (i) fixing of the adhesive tissue to the 
print to be mounted ; (ii) trimming of these two 
together; (iii) fixing the adhesive tissue to the 
mount ; and (iv) heating the whole under pres- 
sure, in order to unite finally the adhesive to the 
two surfaces between which it is placed. 

Prints to be mounted must be perfectly dry, 
and the adhesive tissues should be kept from 
damp. 


The attachment of the print to the adhesive 
tissue is done with an iron resembling a small 
soldering iron, usually heated in a flame of gas 
or spirit or electrically. This iron should be 
perfectly clean. It can be cleaned with fine 
emery cloth. The print is placed face down 
on clean blotting paper and an adhesive tissue 
laid on it. The tissue is then touched at several 
points, without too much pressure, by the hot 
iron. 

The print and the tissue are usually trimmed 
at the same time to ensure perfect registration 
of the corresponding sides, but the cutting tool 
should, as far as possible, be held a little 
obliquely, so that the tissue is slightly smaller 
than the print. With some obliquely cutting 
trimmers the tissue tends to be a little larger 
than the print, and there then appears a shining 
edge of shellac around the mounted print. 
Some workers prefer to cut print and adhesive 
separately, making the latter about -jJi- of an 
inch smaller than the print ; the tissue is then 
provisionally attached after trimming. 

The print and the attached adhesive tissue 
are placed on the mount, and, slightly raising 
first one edge of the print and then another, the 
tissue is fixed firmly to the mount by some 
touches with the fixing iron. 

For the final fixing, the print is placed face 
up on a wooden slab, or on a zinc sheet, and 
covered with a thin zinc sheet, polished for 
glossy prints, and grained for mat prints (when 
mounting with the flat irons these zinc 
sheets are sometimes replaced by white paper). 
Before placing the print between the zinc sheets 
proof of the absolute cleanliness of the whole 
should be made by trial on a piece of clean 
blotting-paper. 

The order should be reversed when using a 
press in which the heated platA is the lower bed. 

Dry-mounting may be done on embossed 
mounts by the insertion of some packing so as 
to limit the pressure to a point between the 
surface of the print and that of the mount. 

The zinc sheet must be cleaned with methy- 
lated spirit to remove traces of the adhesive; 
it must never be scraped. 

The whole is slippy under the hot press at 
the desired temi^rature (usually 155^ for 
all prints on thin paper, 175T for thick papers), 
and pressure is maintained for 4-Z0 seconds ac- 
cordmg to the thickness of the paper, when the 
zinc sheets axe taken from the press and the 
print removed. 

As soon as a print taken fimn the press begins 
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to curl it should be bent in the opposite way while 
cooling. 

857. Preparation of Tissues. Adhesive tissue 
may be prepared by impregnating very thin, 
unsized paper (letter-copying paper) with a 
mixture of the two solutions (A) and (B) given 
below, prepared on a water bath — 


( Methylated spirits 300 ml 

Pale shellac . 200 g 

I Methylated spmts . 400 ml 

Gum elemi . . 30 g 

Syrupy Canada balsam 50 g 


This mixture may also be used as a coating 
on the backs of prints (or papers used for mul- 
tiple mounting), but, in order to prevent the 
alcoholic solution from going through the paper 
and causing patches on the face, it is necessary 
to size the prints fairly strongly with two 
coatings of starch paste (the second coating not 
being applied until the first has dried), or by a 
coating of thin gum-arabic (the perfect con- 
tinuity of which can be seen by its gloss when 
viewed very obliquely). 

In the case of glazed prints, these various 
coatings are done before the print is removed 
from the glass or ferrotype sheet. 

858. Failures in Dry-mounting. The chief 
failures which occur in dry-mounting with 
adhesive tissue are as follows — 

The Print Comes Away, Leaving the Tissue 
on (he Mount. The press was too hot. (This 
temperature of the press is suitable for removing 
a diy-mounted print from its mount.) 

Print and Adhesive Come Away from the 
Mount. The press was not hot enough. 

Unequal Adherence, in Various Places, of the 
Print. Unequal pressure or heating. 

The Print Sticks to the Zinc in Contact with it. 
Either the gelatine of the print or the zinc was 
damp. 

A Mat Print Becomes Glossy. The press was 
too hot, or the print slightly damp ; the remedy 
is to mat the print by friction with a pad of 
cotton charged with powdered pumice. A print 
on glossy paper which becomes more glossy in 
patdies (b^use of unequally distributed mois-. 
ture) should be waxed. 

Patches of Different Colour on Print-out Papers. 
Use of too hot a fixing iron for attaching the 
adhesive tissue to the print. 

Shiny Ed^ng of Tissue Round the Print. The 
print was not quite dry before mounting, and 


has shrunk on drying in the press ; or the tissue 
has been cut too large; or the print has been 
kept too long in a press which was too hot, thus 
causing the resin to flow. 

859. Waxing and Varnishing Prints. Silver 
prints may be very effectively protected against 
atmospheric action by waxing, the process 
also enhancing the depth of the blacks on mat 
paper to an appreciable extent. 

The waxing solution may be prepared by 
melting paraffin-wax on a hot iron, and letting 
it run into petrol, conducting the operation in a 
room where there is no fire or naked flame. On 
cooling, the waxing solution will have the 
consistency of thick cream. This is spread on 
the print by circular frictional movements, 
using a flannel pad. 

Another way to give a certain degree of depth 
to the blacks of mat prints is by treating them 
(by means of an air-brush or atomizer) with a thin 
solution of gum arabic, but this gum, unlike the 
wax, does not afford any protection to the print. 
Prints may also be vaniished uniformly by 
using a celluloid varnish, sufficiently diluted 
by the addition of amyl acetate, or butyl 
acetate, to avoid a glossy coating, even on mat 
prints. 

The suggestion has been made to ^*a^lish 
bromide prints by means of a fatty varnish 
(medium lithographic varnish, forming the 
excipient of fatty inks), restricting the varnish 
to the blacks of the image. For this the bromoil 
method is used, but varnishing with the brush 
is done on the image which has been re-developed 
before swelling. 

These various operations should be deferred 
until after spotting (§ 864) and retouching (§ 865) , 
whenever such work is called for. 

Imitation enamels, used especially in inferior 
jewellery, are made from a photographic print 
(mounted on card) which is covered with suc- 
cessive layers of a transparent varnish. The 
colourless cellulose varnishes used in various 
trades (coachbuilding, the leather trade, etc.) 
can be advantageously employed. These var- 
nishes must be spread by means of sprayers, 
similar to the air-brushes used for retouching but 
larger, and constructed for use with air at higher 
pressure. 

Imitation enamels are sometimes produced by 
transferring a carbon image on to TOrcelain, 
or on to polished opal or enamelled copper. 
After drying, the print is heated in an oven to 
X75®F, coated with copal varnish, heated again 
and the operations of baking and varnishing 
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rej^ated until a thick layer of varnish has been 
built up. The varnish is polished first with 
finely powdered pumice, then tripoli powder 
dispersed in oil and finally with levigated chalk. 

860. Embossing Prints. At the time when 
photographic portraits were almost invariably 
printed on albumen paper and then enamelled, 
it was usual to emboss them (to convex shape) 
in a special press before attaching them to the 
mounts. This practice, fortunately, has been 
abandoned, but another method, almost as 
objectionable, has been introduced of late years, 
i.e. plate-marking, as customarily done with 
copperplate prints made on hand-presses. This 
practice is, in some measure, justifiable for oil 
or bromoil transfer prints, which somewhat' 
resemble etchings (the admission committees of 
some exhibitions are taken in by them!), but 
there is very little to be said for it in the case 
of prints obtained by other methods. 

Numerous contrivances have been devised 
for obtaining this plate-mark, either after 
mounting or even during dry-mounting, e.g. 
rectangles with sharp or rounded corners, 
circles, ovals, and their counterparts, in zinc 
or cardboard. To avoid splitting the paper 
and gelatine layer whilst embossing the border, 
the back of the paper can be damped with a 
mixture of equal parts of water and denatured 
alcohol, and the plate mark made after drying. 

The same result may be obtained, without 
any special tools, as follows. On an illuminated 
table (stout ground glass laid on a box containing 
several electric lamps) is placed a card or mask 
of outside dimensions equal to those of the 
plate-mark desired ; the cut-out part corresponds 
with the dimensions of the picture. Owing to 
the translucency of the support it is easy to 
register the print correctly on this card. The 
plate-mark effect is then given by passing a 
burnishing tool, e.g. the handle of an old tooth- 
brush, along the card so as to press out the 
print (or mount) until it touches the supporting 
surface. In the case of a photograph on an 
opaque mount the registration of the card is 
done with the print placed face upwards, 
afterwards turning over the print and the card 
on to a sheet of glass or zinc, avoiding any 
slipping. 

861. OutHne Photographs on Wood. Full- 
length photographs, mounted on ply-wood, then 
cut out and attached to a small wooden base, 
have met with a certain amount of success of 
late years under the name of photographic 
statuettes." 


The prints are secured to the thin ply-wood 
(about fin.) with a strong adhesive, and the 
cutting-out is done with a fret-saw, following the 
outlines of the figure. The wood is held obliquely 
to the plane of the saw, so that the cut makes a 
slightly acute bevel, the under-surface being 
thus slightly smaller than the upper. The cut 
is smoothed with a fine file, the bevelled edge 
and the back surface are blackened with a mat 
black varnish, and the cut-out is mounted in 
a groove cut in a small wood base, which is 
painted to harmonize with the tone of the print. 

862. Combination Photographs. Sometimes it 
may be necessary to combine different prints, 
or parts taken from several prints, so as to give 
the effect of a single photograph. Such is parti- 
cularly the case with combinations of photo- 
graphs forming a panorama or with vertical 
aerial photographs, for making a map which is 
by no means accurate but is full of detail. The 
successive parts of a photographic panorama 
on flat sensitive plates cannot be exactly joined, 
since a plane perspective does not correspond 
with a cylindrical perspective (§35) Many 
makers of panorama photographs, therefore, 
abandon all attempts at registration, and arrange 
the successive views (cut to the same dimensions, 
and made so that two adjoining cuts correspemd 
to the same point on the horizon or on the 
background) at a fraction of an inch from each 
other. In this case it is usually preferable that 
the views appear on a dark ground, which may, 
in turn, be attached to a lighter mount. 

The term vertical aerial photographs is used in 
reference to photographs taken with a camera 
with vertical axis. Such photographs, if they 
are taken high enough above level ground, 
approximate closely to a map. Such is also the 
case with trick photographs for illustrated 
papers (heads of known persons substituted 
for heads of figures taking part in an event, 
at a scene created by introducing portraits ot 
persons into the photograph of a landscape or 
building, the respective reproductions being 
made on scales in accordance with the per- 
spective). These are completed, after combina- 
tion, by laborious retouching for the purpose of 
masking the imperfections of the work. 

We shall not consider more than the two first 
cases cited. At the outset, it is to be noted that 
photographs for combination should always have 
the same degree of contrast, the same depth, 
and the same tone. Moreover, in the case of 
aerial photograph, it is essential that they shall 
be brought to the same average scale. 
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The successive parts of a panorama are gener- 
ally bounded by vertical lines ; the various parts 
of a map mosaic are sometimes limited by a 
straight edge, which may be placed in any 
manner, but more often by an irregular line, or 
by a natural boundary (e.g. fields, roads, rail- 
ways, etc.). The best position of a division is 
found by looking through the two prints to be 
joined, superposing them on a glass brightly 
lighted from below, protecting oneself by 
opaque paper from the surrounding light. The 
quality of the two prints not being dways equal 
in the region common to both, it is well to use 
as little as possible of the one which is less 
satisfactory in this respect. 

In mounting composite panoramas, the various 
methods described below may be used. 

After the prints have been trinuned along 
their vertical edges to ht as well as possible, they 
are placed side by side on an illuminated table 
or against a window, and register lines drawn 
from one print on to the other. Tlie prints are 
then placed in a dish of water, allowed to expand, 
and then assembled on collodion-coated glass, 
register marks being correctly aligned. Any 
required adjustments can be made through the 
glass. Before the prints are quite dry they are 
backed with stout paper, wetted until they have 
expanded to the full, and then mounted with 
a stiff paste. The contraction of the backing 
paper in drying counteracts the tendency of the 
individual prints to separate. After the whole 
is completely dry, it is detached from the glass, 
the edges are trimmed, and it is attached to any 
suitabfe mount (J. N. Pearce, 1924). 

In the case of dry-mounting, the prints, 
trimmed as above, must first be dried with heat 
to shrink them as much as possible. They are 
then mounted on thin paper, previously ex- 
panded by moistening in steam. The paper 
contracts after mounting, and so ensures perfect 
joins between the prints. 

In either case, if it is preferred to allow the 
prints to overlap each other, the double thick- 
nesses are rendered less conspicuous by dpr- 
mounting the assembled row of prints on a thick 
bat rather soft card, under heavy pressure ; in 
this way the extra thicknesses are forced into 
the card, the whole becoming more nearly flat. 

863* In assembling aerial photographs, the 
preUminary trials which have to be ma^ in 
fdacing them hardly allow of exact joining of 
prints previously cut to a common bound^. 
Hence it is necessary to cover a part of ea& 
print by the adjacent prints. To avmd extra 


thicknesses at the joins, the trimmed prints 
must be chamfered off so that the thickness at 
the cut edges of the paper is progressively 
reduced over a distance of about an eighth of an 
inch, leaving a layer of emulsion o^y at the 
extreme edge. This may be done with glass- 
paper, after the prints have been trimmed to 
the required geometrical contours. 

Prints are generally mounted on stout drawing 
paper or linen paper, on which has previously 
been traced a rough map of the region, drawn 
to the mean scale of the photographs, this 
tracing being made by proportional enlargement 
of the map of the region. Before finally fixing 
prints in position, trials are made with the prints 
temporarily placed in position by small lead 
weights. By raising the edges of those photo- 
graphs which cover the others, register lines may 
be traced on the map support, so as to allow of 
the prints being replaced when they have been 
coated with mountant. These trials can be 
shortened, when the photographs have been 
obtained on successive rectilinear flights, by 
fixing the prints of each row, by means of a 
few spots of strong liquid glue (e.g. Seccotine), 
to two partially stretched elastic bands. It is 
then easy to adjust the successive rows relative 
to each other so that the errors are equally 
distributed between the photographs of each 
row (B. Melvill Jones, 1925). 

864. Spotting. No matter how carefully 
printing is carried out, it is rare that a few 
prints do not show minute white spots (shadows 
of dust on the negative or in the printer) and thus 
require spotting. All apparent defects in the 
negative should, of course, have been corr^ed, 
the spotting of one negative being obviously 
quicker than that of a number of prints. When 
a print is to be mounted, mounting should 
always be done before spotting and retouching. 

Spotting is best done on an inclined easel, 
fitted with brackets, on which large prints may 
be rested. Small prints may be held at a con- 
venient height by fiat springs fixed to the easel. 

Transparent colours shotdd be used for spot- 
ting, such as Chinese ink, sepia, Indian red, and 
indigo ; the light tints are obtained by dilution, 
not by addition of opaque white. Silver images 
of black tone can be spotted with a solution of 
naphthalene black. Prints which have been 
sulphide-toned require a solution of naphthalene 
brown, adjusted as necessary by the addition 
of water-colour or dyes. Where prints ate to 
be exposed to the fight for long periods, dyes 
should be avoided because of the nsk of fadupg* 
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Sometimes a little of the material of the image 
itself is used, being removed with a little warm 
water from the trimmed-off edges. It is necessary 
not only to match the tint and the depth of the 
adjoini^ parts of the image, but also to obtain 
approximately the same degree of gloss. This 
is done by diluting the colours with water con- 
taining a variable proportion of gum arabic 
solution. The mixture is made on a white 
porcelain palette, in quantities the size of the 
head of a pin, a small spot being allowed to dry 
on a piece of paper the same colour as that of 
the print in order to judge of its appearance 
before commencing work. Greatly-diluted 
colours take badly on gelatine, or are difficult to 
apply, so that it is best to use the colour almost 
dry, with a sable-hair brush No. 0 or No. i, with 
the point tapered by dragging it along the 
palette and turning it between the fingers. 
The spots in the shadows are touched out first, 
and then, as the brush empties, the lighter parts 
are treated. 

The larger white spots should be touched out, 
as required, by hatching or stippling with a 
brush or pencil, endeavouring to produce a 
texture similar to that of the surrounding image. 

Minute black spots are removed with a fine 
scraper, but not one of those used for negative 
retouching, as the latter needs much more careful 
sharpening, and this would have to be repeated 
after working on paper. After use, wash the 
brush carefully, dip in it weak gum arabic, 
shape the point between the fingers, and keep 
it so that the point retains its shape. The point 
should not be shaped between the lips ; this is 
dangerous practice as many colours are poisonous. 

865. Retouching of Prints. Retouching (or 
working-up), though exceptional on positive 
prints printed by contact, is often necessary on 
prints obtained by enlargement, on account of 
the magnification of small defects, which are 
negligible in a direct print, and also for the 
reason that retouching on the negative then 
becomes too apparent. Moreover, when there 
are serious defects in a negative which are 
difficult to retouch, it is often quicker to do the 
necessary retouching on an enlargement, from 
which a copy negative of the same size as the 
original is then made. 

Whilst retouching as practised commercially 
is carried out chiefly with the air-brush, at least 
for broad effects, the best retouching is almost 
always done with the bru^ and the pencil in 
dealing with small details, using soft crayon for 
cloud^ grounds and areas of any size. 


Retouching is best done on an easel, and with 
a first-rate contact print in view for comparison. 

Graphite pencils leave a shiny mark, and are 
hardly ever suitable except for semi-glossy 
prints, so that drawing pencils are usually used ; 
these work softly and leave a deep mat black 
mark. Coloured crayons (sepia, red-chalk) 
are also used, in addition to white crayons for 
putting in light accents. 

Powder colours, so-called " sauces," are sold 
in a great variety of hues, especially in tints of 
black, sepia, red-chalk, and all the usual photo- 
graphic tones. They may be mixed for produc- 
tion of intermediate colours. 

Retouching is generally preceded by treating 
the print with powdered pumice. The perfectly 
dry print is placed flat on a table covered with 
white paper ; a little finely-powdered pumice, 
also absolutely dry, is dusted on the print, and 
rubbed all over it with a pad of absorbent 
cotton, using intersecting circular movements, 
so as to impart a slight bite to the whole surface 
of the print ; the excess of pumice is removed 
with a soft brush. 

With portraits in particular, work is usually 
begun on the ground, using the soft chalk 
(sauce). For this, there is required a palette or 
saucer, a chamois leather stretched on a light 
piece of wood (the edges being stuck down on 
the underside), or simply a piece of rather 
rough cardboard. On it is mixed small pinches 
of the chalk and pumice powder, the pumice 
being added in proportion to the lightness of 
tint Hiquired. A little of this mixture is placed 
on a cotton pad ; this is levelled down on a clean 
place on the palette. The enlargement is placed 
fiat, as for the preliminary friction with the 
pumice, and the colour spread with overlapping 
circular movements, b^^ning in the places 
which should have the deepest *tone, and passing 
to lighter and still lighter parts, as the pad 
Jpecomes less charged with colour. The various 
tones of the background should always be inter- 
mediate between the lightest and the deepest 
tones of the subject proper. Parts on which too 
much work has been done may be cleared with 
pure pumice. White accents may be put in ydth 
eraser of the kind known as " plastic rubber *' 
(rubber which can be kneaded in the fingers), 
but the effect is often too rough. 

After finishing the ground, the work is con- 
tinued by first softening crude high-lights, due 
to reflections and. the glaring whites of starched 
linen, using a leather stump and paper stumps 
(small stumps of coiled paper), changed vmk 
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** sauce," but without pumice. The stump is 
prepared for use by passing it over the palette 
from side to side so as to charge it uniformly 
with colour of the desired depth. Pure whites 
should be very few in number and small in size. 
It should be borne in mind that the deepening 
of a grey causes the adjoining half-tones to 
appear lighter. 

The blacks of the picture may be lightened 
with a hard eraser (ink eraser impregnated with 
pumice), cut to a point. 

Before any work with a brush is done, any 


Fig 47 j. Mechanism of an Air-brush 

chalk and pencil work must be “ fixed " by 
steaming, that is, passing the print over a jet 
of steam from a kettle, so as to soften the gela- 
tine slightly and cause the colour to adhere 
firmly to it. 

It is obvious that the retouching of j^rtrait 
prints calls for a good knowledge of drawing and 
the anatomy of the face, subjects that cannot be 
discussed here. 

866. Use of the Air-brush. The air-brush, one 
of the best models of which is shown in the 
accompanying illustration (Fig. 47.1), is con- 
nected by the lower imion (closed, when not in 
uie, by the valve V) with a reservoir of com- 
prebed air, or with an air compressor. The 
colour is poured in the cup, through which 
passes the German silver needle N, When the 
valve V is opened by pressure on the button 
B, the compressed air escapes through the 
passage A and the strangler G, surrounding the 
needle with a fine mist through the hollow 
stem r. 

The milled ring R acts through a slot, limiting 
the movement of the lever L, and, consequently, 
M the needle JV, in the direction of its point, so 
as to obtain a continuous even jet for producing 
light uniform tints or for drawing lines. 

The mechanism of these instruments is very 
delicate, and one ^ould specially avoid bending 
nm^. If the latter fails to close the hollow 


stem by coming to rest on its conical seat, the 
jet is caused to splutter. The only dismantling 
which should be done by the operator is that 
of the front piece C, which should be frequently 
cleaned. 

The colours to be used must be very finely 
ground and quite free from dust, any particle 
of grit being liable to be caught in the passages. 

To clean the air-brush thoroughly it is only 
necessary to blow in air under relatively high 
pressure, after having inunersed the whole front 
half in clean and, preferably, warm water. Then, 
with one finger, the orifice G is alter- 
nately closed and opened, expelling 
the air, by the colour cup and then 
by the normal orifice. 

Pressure for the air-brush is sup- 
plied by compressed air, e.g. from a 
reservoir connected to a compressor 
which is driven by an electric motor 
provided with a manomelric relay, 
by which the current is automatically 
switched on when the pressure falls 
below a certain value, or switched 
off when the pressure exceeds a 
given maximum. Other means are an auto- 
matic water-pump, or a reservoir in which 
pressure is maintained by a pump worked by 
the foot of the operator. 

Use is also occasionally made of cylinders of 
compressed air, or liquefied carbon dioxide. 

The best pressure for the work of retouching 
ranges, according to the effect desired, from 
17 to 27 lb per sq in. (i.e. 4 to 14 lb per sq in. 
above the atmospheric pressure). Reservoirs 
connected with the various compressors gener- 
ally discharge compressed air under constant 
pressure, controlled as desired by a regulator. 
We will mention only, by way of example, the 
method of operation of regulators used on 
cylinders of carbon dioxide. 

Having made certain that the needle valve 
of the cylinder of carbon dioxide is screwed 
down, unscrew the hexagonal-headed cap, and 
adjust the union of the regulator in the tlu'ead 
thus uncovered, interposing a rubber or fibre 
washer. Close the exit valve (or valves) of the 
regulator and gently open the needle valve of 
the cylinder. If the pressure indicated by the 
gauge is too low, turn the nut (or the key) of 
the regulator in a clockwise direction; if the 
preswe is too great, open the exit valve 
of the regulator, and turn the regulating 
button the opposite way until the required 
pressure is obtained. At once shut again the 
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exit valve of the regulator and, after each time 
of using, close the needle valve of the cylinder. 

867. The colour driven from the point of the 
air-brush by the jet of gas under pressure forms 
a conical jet. The farther the instrument is 
from the paper, the greater is the surface covered 
by the jet, and the less the intensity of the 
colour for the same adjustment of the flow. 
The air-brush can give a flat tint only by over- 
lapping the trails of colour successively deposited 
on the paper, evenness being the more certainly 
obtained the larger the number of overlapping 
bands, and the lower their density. 

Just as in water-colour drawing, irregularities 
are most to be feared at the moment of bringing 
the brush in contact with the paper and of* 
withdrawing it ; so the first and last strokes with 
the air-brush are the critical moments for the 
beginner. The hand holding the instrument 
must already be moving when the finger rests 
on the button which releases the flow of colour, 
and its movement should be continued after the 
spray has been stopped. To obtain a flat tint, 
it will never do to pass from one band to another 
without interrupting the flow. 

When it is required to obtain a comparatively 
clean edge, this edge is, in the first place, put 
on while holding the instrument very close to 
the paper, so as to trace almost only a line ; the 
air-brush is then drawn farther and farther back 
according as bands more and more distant from 
the edge in question are covered. 

It is important that the effect of the air 
pressure be carefully studied, as well as the 
consistency of the colour and the two move- 
ments of the regulating button. 

As soon as practice has been obtained in 
making uniform tints, the next step is the 
application of overlapping bands parallel to the 
outline of the drawing. 

868. The colours^ for air-brush work 
should be kept in closed boxes or in well-corked 
bottles. It is not necessary to mix the colours 
beforehand on a palette, the mixture being 
made and diluted in the cup of the instrument. 
Whilst in brush-work the depth of the colour 
^ould be carefully adjusted beforehand, there 
is no need at all for such exact regulation in 
using an air-brush, A colour of fi^ strength 
permits, if need be, of obtaining of half-tints, 
but one should avoid resorting to this extreme 

^ When poisonous colours are used, and especially 
those containing white lead, an efficient syvtmx of 
ventilation must be provided around each work place 
to prevent the particles being inhaled by the woricers. 


measure, a continuous modelling not being 
obtainable in a light tone by spraying an intense 
black on a white ground, nor in a half-tone by 
spraying of white on a black ground. 

Moist colours in tubes, and even liquid colours, 
are to be preferred to colours in cakes, the use 
of which may cause trouble if there are any 
badly-ground particles. The homogeneity of the 
mixture may be secured in the cup by means of 
a medium-sized hog-hair brush, which serves also 
to clean the cup. 

Since work done with water-colour does not 
penetrate the gelatine of the image after the 
manner of inks or of liquid colours, corrections 
may be made with an indiarubber of medium 
hardness. 

It is always possible to go over a part of the 
work already done by spraying upon it another 
colour, either lighter or darker. In fact the 
capacity of the air-brush in the hands of a 
skilled worker is exceedingly great. 

869. Retouching of Commercial Photographs 
for Photo-mechanical Reproduction. Photo- 
graphs of commercial articles to be used as 
originals in the preparation of printing blocks 
for catalogues are generally worked-up with the 
air-brush. The retouching is sometimes carried 
out over the whole image; in fact, partial re- 
touching involves the risk of making the image 
patchy. 

Such retouching is particularly necessary for 
photographs of machines, on account of the 
exaggeration in the photograph of the smallest 
surface defects, stains on the paint, oil marks, 
etc. Moreover, important details are liable to 
be lost in shadow ; and machines are very fre- 
quently situated on a base and against a back- 
ground not calculated to show them at thdr 
best. , 

The photographic print, about half as large 
again as the required reproduction, should be 
•printed on glossy or semi-glossy paper, with 
somewhat exaggerated contrast. 

The air-brush alone not being capable of giving 
perfectly sharp outlines, these latter are ob- 
tained by shields or masks, cut from an identical 
print or from tracing paper, or chosen from an 
assortment of stencils cut in thin card or celluloid 
(straight Imes, angles of different sizes, ordinary 
curves, etc.). 

For protecting very small areas, use is made of 
thin vami^ (e.g. a sdution of colophony in 
benzene, holding in susMnsion a coloured pow- 
der), which is ^terwards removed with a wad 
of cotton-wool impregnated with benzene, the 
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colour contained in the vamish being removed 
at the same time. 

For prints of black tone it is usual to employ 
a mixture of ivory black and permanent wHte ; 
avoid the use of body colour with a white-lead 
base, which very quickly turns yellow. Certain 
body whites reproduce as more or less deep 
greys when photographed on wet collodion with 
a source of light rich in ultra-violet; some 
preliminary trials should be made with various 
brands before finally adopting one (\V. J. Smith, 

1905)- 

The colours having been applied, joins require 
to be made with a brush to remedy the irregu- 
larities of outline, or to put in any black or 
white lines, or high-light accents ; further correc- 
tions may need to be made with a rubber eraser. 

870. Sketch Photographs and Photo-etchings. 
Under the name of sketch photographs are 
included portraits on a white bacl^^round, 
generally obtained by enlargement on paper 
with wide margins, in which the photographic 
image is printed very light and is worked-up by 
hatting with a pencil (or pen), which tends to 
give it the appearance of an engraving. This 
work is usually conhned to the shadows 
on the face, to the clothing, and to the drawing 
of a background, lightly sketched in afterwards. 

So-call^ photo-etchings differ from sketch 
portraits chiefly in the mu^ greater subjugation 
of the photographic image, the face itself being 
completely re-drawn in pencil. 

While expert artists may thus produce 
pleasing results, it is easy, when such work is 
done wkhout sufficient Imowledge of drawing, 
to get effects greatly inferior to a good direct 
print worked-up in a straightforward manner. 

From a technical point of view, the only item 
of importance is that of obtaining a pure white 
around in the print. This is done at the sitting 
by specially strong lighting of a uniform white 
bad^p^und, slightly inclined towards the light, 
or afterwards by working-up the negative or 
by local reduction of the prints. 

871. Coloured Photographs. Costume photo- 
graphs, decorative eflects, used for adver- 
tisement purposes, as well as certain record 
fdiotographs (flowers, etc.), are often much more 
convincing if coloured, even though very slightly. 
Colouring is generally done with water-colours, 
nsiiig transparent colours, or with dyes. Such 
eoloorin^ requires a light print from a pan- 
duomatlc nagntive; a transparent colour ob- 
vioiialy cannot show orange or red if applied 
to hla!» silver deposit in the print. 


Apart from this special application, public 
taste for colour, even in its crudest form, has 
induced portrait photographers to offer to their 
customers coloured photographs which, some- 
times, are very far remov^ from works of art. 
However, specialists in such work may plead 
extenuating circumstances, e.g. severe competi- 
tion in prices, or the absence of any data relating 
to the sitter beyond a mere sketch indicating 
more or less the colour of hair, eyes, etc. For 
these descriptions of colouring use is made of 
pastel and its variants, water-colour (in wash 
or with an air-brush) and oil-colours. We 
shall not here consider oil paintings on a photo- 
graphic base of sensitized painters’ canvas, nor 
miniatures on photographic base, obtained by 
printing on ivory by the bitumen process of 
photo-engravers. 

As a general rule, colouring must be done in 
daylight; when work of this kind is done in 
artiflcial light it is necessary to use exclusively 
incandescent lamps in bluish bulbs, affording a 
light conesponding closely with daylight. 

872. Colouring with Dyes. Prints of a purely 
record character are best printed on glossy 
paper. Fixing should be done in an acid bath 
with no alum in it, otherwise the gelatine will 
refuse to take the colour in places. To facilitate 
the penetration of the colours, the print, before 
colouring, may advantageously immersed 
for a few minutes in a i per cent solution of 
ammonia, being afterwards rinsed and dried. 

For the tinting, solutions of acid dyes in water 
are used (§§754 and 755), a suitable strength 
being found by trials on waste prints. The 
colours are applied with a brush, preferably on 
the dry print, except for flat tints, which may 
be done after damping the gelatine slightly, but 
it is then necessary to work very quickly, with 
the brush lightly charged, in order to avoid 
spreading the colour where it is not wanted. 

From dealers suppl3dng amateur photo- 
graphers’ materials one can get colouring 
outfits, which usually include four bottles. 
One of these contains a 2 per cent solution of 
albumen, with the addition of a small quantity 
of ammonia and an antiseptic. This liquid is 
first of all applied *'neat" all over the print. It 
is also used for diluting the coloured liquids 
before they are spread over the paper. The 
colouring liquids are aqueous solutions of add 
dyes, e.^. naphthol yellow, rhodamine $, or 
erythrosme, and carmine blue, mixtures of 
winch in various proportions give intermediate 
tints, . 
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U it is desired to glaze the photographs thus 
coloured, the colours must be fixed in the 
gelatine, by suitable mordant, to prevent them 
from spreading in the picture when wetted. 
This mordanting may be done, after complete 
drying of the tints, by five minutes’ immersion 
in the following bath — 


Sodium tungstate . 

10 g 

Syrupy phosphoric acid . 

1 ml 

HydrocUoric acid, pure. 


concentrated 

4 ml 

Water to make 

. . 1000 ml 


On removal from this solution prints are 
glazed without intermediate rinsing. 

873. Water - colouring. Water-colours are 
usually employed on mat prints with a white 
base, lightly printed, and — at least, in the case 
of portraits — sepia-toned. After drying, the 
surface of the paper may with advantage be 
treated with pumice (§764). Otherwise, it is 
often necessary, in order to facilitate the adher- 
ence and imiform application of the colours, to 
treat with artists' ox-gall. 

Transparent colours are the best. Work is 
carried out on a very slightly moistened print, 
with a relatively large brush, well-charged with 
colour, or on a dry print by spra)dng with an 
air-brush. 

Colours which are unduly bright should be 
avoided, and the whole process should be done 
straight off, so that the contrasting effects of 
neighbouring colours may be correctly judged. 

874. Pastel Colours. Treatment of the print 
with pumice does not always ensure perfect 
adherence of the pastel properly so-called, and 
expert workers in these colours sometimes adopt 
the method of coating the print with a thin and 
warm solution of fish glue. Then, before this 
coating has dried, powdered pumice is dusted 
on wi& a square-mesh sieve (sieve No. 120 or 
150). This coating must be perfectly even, but 
not so thick as to mask details of the image. 
The print having been dried, any non-adherent 
pumice is carefully brushed off. The process is 
unnecess^ when colouring is done with soft 
chalks mixed with powdered pumice (§ 867). 

As a role, soft pastels are used for the back- 
ground, and semi-hard pastels for the face ; the 
colour, always somewhat opaque, partiaUy 
covers the image, so that pastel work c^ for 
a more complete knowled^ of drawing than 
water-eolourmg. 

Flints coloured in pastel must be fixed with a 
fixative varnish applied with an air-bru^. 

875. OiUpaititiiig and Its Variatioiis. The 


materials used, according to circumstances, are 
transparent colours through which the photo- 
graphic image is visible, or opaque colours, the 
photographic image then serving merely as a 
guide to the artist. 

We will consider here only work with trans- 
parent colours. 

The starting-point, as far as possible, is a light 
print on moderately rough paper. Taldng of the 
colour is often facilitated by coating the gelatine, 
a few days before applying the colours, with a 
very thin and even layer of boiled linseed oil. 
Once the work is begun, it should, preferably, 
be carried on to a finish without interruption. 
When drying is complete, some retouching may 
be done with water-colours, so as to avoid delay 
due to further drying. 

Prints finished in wax colouring are preferred 
to those in oil colouring for some commercial 
work, as they dry more quickly and with a less 
glossy surface. These colours are prepared by 
crushing the dry colours on the palette in a 
medium of white wax and resin — 


Pure white soap . . . • 15 g 

Essence of lavender . . . 60 ml 

Genuine essence of terebenthine . 840 ml 

Gum elemi 30 g 

Virgin wax 60 g 


The soap is dissolved in the essence of laven- 
der, and the jelly thus obtained is diluted with 
a little of the essence of terebenthine. The 
remainder of the essence of terebenthine is used 
to dissolve the gum elemi, this solution being 
^tered. The wax is melted at as low a tempera- 
ture as possible, and, after turning off the gas, 
the melted wax is poured into the ^m solution, 
to which is finally added the soap jelly. 

If the surface to be treated is of large size, 
the colour is applied with a soft linen pad, any 
over-running of colour being removed with a 
*rag soaked in terebenthine ; in the case of fine 
detail the colouring is done with a brush. 

The colouring may also be done with dry 
colours ground in a resinous medium obtained 
by dissolving, on a water bath, 5 per cent of 
boiled linseed oil and 5 per cent of gum dammar 
in essence of terebenUiine (R. Namias^ 1922). 
After drying, the colours thus applied may be 
removed lo^y with an indmrubber; the 
adherence of the colours being very weak, they 
must be fixed with a fixative varni^ applied 
with an air-brush. 

876. The FleKtChrome Process. A process 
which was originally developed by J. Crawford hi 
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the U.S.A. and which is now being marketed in 
kit form in America (1950) is worthy of note. A 
print is made from a normal negativ^e, on a 
material which is capable of forming a relief 
image, such as that used in the Dye Transfer 
Process (§ 1024). 

After processing, the image is dyed up with 
a black dye so that it can be seen for working. 
Since the thickness of the gelatine is propor- 
tional to the amount of exposure at any one 
point, the amount of dye it will hold is in a like 
proportion and a normal picture in black and 
white is obtained. 

A set of special dyes (acid dyes) in various 
colours are supplied which can tlien be applied 
to the print, where they replace the black. 
With some artistic ability excellent colour prints 
can be obtained in this way. These prints are 
superior to any of the hand colouring methods 
us^ up to the present because the maximum 
depth of colour is never degraded with black 
silver and the amount of colour that can be 
applied to a high-light is severely limited by the 
sn^ amount of gelatine left to absorb it. 

The finished print can be stripped from the 
temporary support on to pa{)er. 

8^. Framing Photographs. According to cir- 
cumstances, photographs may be framed close 
up to the moulding (§851}, or with a visible 
mount between the print and the frame. Much 
use is also made of mounting simply under glass, 
the print being made with extra wide margins, 
or mounted on a board much larger than itself. 
It is then simply secured to glass by means 
of a backing card and a strip of gummed paper. 

Close-up framing simply in wood is specially 
suitable for silver and carbon prints. Prints of 
black or red-chalk tone go well in a frame of dull 
gold or one of pure empire green enriched with 
a little gold. Prints of less defined colour are 
more suitably framed in natural or stained 
wood ; only prints in red-chalk are really suited 
to a white frame. 

There is more latitude in the choice of a frame 
for prints with wide margins or with a large area 


of mount round them, but the fact should not 
be lost sight of that the essential quality of a 
frame is its unobtrusiveness. A very wide 
margin usually needs a very narrow frame, 
whikt a narrow margin often looks better in a 
relatively wide frame. 

It is a good plan to bind up the glass and the 
print, and also any backing card, with strips of 
gummed paper, so as to keep out dust and 
atmospheric contamination liable to affect the 
print in time or to cause fading of non-permanent 
photographs. The gummed binding will be 
hidden by the frame, and need not therefore 
be perfectly regular. 

In passe-partout framing, where the moulding 
is replaced by a paper binding, this paper should 
be of a tint and texture appropriate to the print 
and mount, avoiding imitations of costly mate- 
rials, which are only too often mere parodies 
of the real thing. 

Before finally fixing the whole, the backing 
card is fitted with rings for hanging, generally 
by means of lengths of tape passed through a 
sUt in the cardboard, turned doNiTi on the inside, 
and then stuck in place with a piece of stout 
paper and a touch of adhe.sive. The rings 
supplied on a gummed base do not always give 
sufficient security, especially for prints of large 
size. 

An even width of paper binding on all four 
sides of the glass front is essential to a good 
appearance. Use may be made of the gummed 
papers specially prepared for this purpose with 
a crease, made by folding at a suitable distance 
from one of the edges. Without the help of this 
special binder, an even width may be attained 
by means of strips of wood, having two parallel 
stops at adjustable distances, one for the paper, 
the other for the glass. It is sometimes preferred 
to bind with strips much wider than required, 
the excess being cut and removed after wetting. 
In any case care must be taken to ensure correct 
joints at the comers, the binding overlapping 
slightly, the end of the upper strip being cut at 
an angle of 45°. 



PART 5 

SPECIAL TECHNIQUES 

CHAPTER XLVIII 
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878. Copying by Contact Printing. An original 
on paper of homogeneous structure, even though 
rather thick, may be copied by transmitted 
light, provided the back of the paper bears no, 
imprint or note. This is often the quickest 
way of reproducing originals. For purely 
record purposes, satisfactory copies can be 
obtained in this way from photographs of card 
substance (postcards) ; owing to the great 
diffusion of light by tfie base, an imprint of 
grey colour on the other side does not usually 
appear in the copy. It is useless, and often 
dangerous, to oil the paper in order to increase 
its translucency, for the only advantage is a 
slight reduction of the time of exposure, and 
this is more than balanced by the time taken 
to oil the paper and then free it from the grease. 

The grain of the paper can be almost com- 
pletely eliminated if the copy is made by 
yellow or red light, since paper becomes in- 
creasingly transparent as the wavelength of the 
light is increased. 

It must be borne in mind that the contrast 
of an image is always considerably lower when 
it is examined by transmitted instead of reflected 
light. This loss of contrast must be compensated 
for by choosing a slow emulsion capable of 
yielding a contrasty image by suitably prolonged 
development. 

These same working methods are applicable 
to the copying of the structure of leaves or of 
anatomical sections. As these sections are 
generally mounted between glass cover slips, 
it is necessary, in order to obtain a sharp image, 
to place them at a considerable distance from a 
source of light which is nearly a point, or to 
use the beam of light thrown by a condenser 
(§632). 

In the case where the copy is made by contact 
between the back of the document and the 
sensitized surface (as is usual when copying 
tracings} the tracii^ must be as transparent 
as possible; the greater the diffusion due to 
the tracing paper, the less dear and contrasty 


will the copy be. The density range of the 
tracing, which is equal to the actual density 
of the lines, should be at least equal to the 
range of the copying paper used. This condition 
is. amply fulfilled by lines drawn in Indian ink 
(density between i-oo and 270) but never by 
pencil lines (density 0*50 to 0*85, according to 
whether the pencil is hard or soft). 

A peculiar case is presented by very large 
drawings which have to be copied without 
distortion (optical distortion or distortion due 
to the paper) The drawing is produced in a 
.stable form by the use of opaque ink on a sheet 
of mat aluminium coated with luminescent 
lacquer. This lacquer is made to phosphoresce 
by exposure to ultra-violet liglit and then im- 
mediately placed in contact with the sensitive 
material which has been coated on to a rigid 
support. The intensity of the phosphorescence 
becomes too weak for the drawing to be copied 
many times ; it is therefore preferable to use a 
fluorescent coating which is excited by X-rays. 
The X-ray exposure is made with the drawing 
and the sensitive material pressed into close 
contact in a pneumatic pressure frame (L. L. A. 
Wynd and G. T. Lane, 1942). 

If the drawing has not been made in reverse, 
the copies produced are reversed ; to avoid any 
difficulty, a negative is first made on the alumi- 
nium sheet which has been coated with a fluores- 
cent layer and then with an impermeable 
varnish followed by a sensitive coating. This 
negative gives positive copies, in the normal 
sense, on all sensitized supports. These work- 
ing methods are employed particularly in the 
aircraft and automobile industries to replace 
templates marked out by hand. 

879. Copy^ by Contact In Reflected Light 
The possibility of copying by contact a black 
and white original (not in tones), either opaque 
or with an imprint on the back, was pointed out 
as long ago as 1839 Breyer, and the method 

to be used was described by P. Yvon (1891). 
This process is sometimes attibuted to J. H. 
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Player (1896) and called Playertype, although 
this author only drew attention to a fact 
already known. A yellow filter is placed in a 
printing frame, and on it is laid the sensitive 
surface (plate, film, or paper), with the emulsion 
side towards the inside of the frame. The 
face of the original to be copied is laid on the 
emulsion. A sheet of black paper is placed 
over the original, and the printing frame is 
closed and exposed to light for a time which has 
been ascertained by a few tests. Under tliese 
conditions, the light coming to the emulsion 
before reaching the original tends to fog it 
uniformly, but a portion of the incident light 
passes through the sensitive coating and reaches 
the image to be copied. This light is absorbed 
by the black portions and diffused by the white 
ones, which latter return it to the sensitive 
emulsion. Very approximately it may be said 
that opposite the white areas the emulsion 
receives twice as much light as opposite the 
black ones. By using a very contrasty, non- 
colour sensitive emulsion and an energetic 
developer heavily dosed with bromide (§ 393), 
a negative is thus obtained which may not be 
perfect, but is quite usable. 

It is dearly not possible to use anti-halation 
coatings or coatings of several superposed 
emulsions. Special papers are produced coated 
on to a thin base (85 g/sq m). They are very 
white, very lightly baryta-coated and coated 
with a slow emulsion (much less rapid than 
ordinary silver chloride papers) whi(± allows 
them to be handled in weak daylight. 

The copy becomes more contrasty since the 
light abmbed by the sensitive layer only 
represents a small fraction of the active incident 
li^t. Consider a document the reflection den- 
sities of which are respectively o*8 and 0'05; 
the quantities of light absorbed during the 
transmission and reflection of the light in the 
sensitive layer will be 90*8 and 90*05 per cent if 
the sensitive layer ab^rbs 90 per cent of the 
active incident hght. or 17*2 and 10*45 per cent 
if the emulsion only abs^bs zo per cent. In 
the first case, the contrast (90*8/90*05 = 1*008) 
is totally insufiident to register an image 
whilst, in the second case, it 1^ a value (17*2/ 
10*45 « 1*64) sufficient to obtain an image In 
an emulsion of very high contrast. A yellow 
filter of appropriate absorption, with a silver 
dihttide emulsion, enables only those wave- 
kii^[ths to reach the copy which are at the 
lumt of the spectral sensitivity of the silver 
salt, which radiations are least absorbed. 


A yellow filter may be made experimentally 
by dyeing, in a 2 per cent solution of tartrazine. 
a gelatine-coated plate (a photographic plate 
fixed out, washed and dned) which is quickly 
rinsed, dried and bound up with a plate of 
clear glass for protection. Yellow lamps can 
also be used. The yellow filter reduces the 
structure of the paper forming the support 
for the emulsion. 

For commercial use either paper or film is 
used which carries a silver halide emulsion 
(a high proportion of chloride) which is weakly 
orthochroma tic and of high contrast. 

This method was for a long time used only 
occasionally for preparing lantern slides from 
illustrations in scientific or technical works. It 
has acquired a certain industrial importance, 
particularly for reprints of books and the 
general reproduction of documents where low 
cost and speed are of principal importance. 

880. Arising out of sensitometric tests made 
on a gelatine-choride paper intended for 
this copying process (P. Ernst and J. Rosen- 
heck, 1929) it has been shown that the same 
paper, used for contact copying by transmitted 
light and then for copying by the reflex contact 
method using the same yellow filter, after 
development under identical conditions, exhibits 
the following characteristics — 


Omtact Copying | 

Contrast Range 

1 

1 Ganmui 

1 

Density Range 

Tranimittnl light 

8 : X 

875 

rS 

Reflected light 

1 

2-5 : 1 

2 

0*8 


The fact that the reflex copy only differentiated 
tones over a narrow contrast range shows, on 
the one hand, that this method is not applicable 
to copying half-tone images and, on the other 
hand, that it leaves scarcely any latitude in 
controlling the exposure time for the copy; 
the low values of the contrast and of the density 
range of the negative obtained compel one to 
use a paper of high contrast for printing the 
positive. 

The following method is recommended for 
finding the optimum exposure time (L. Lobd, 
Z935). A test object is made up by mounting, 
side by side on one piece of card, two strips of 
paper, one black, one white. Using the nonnd 
reflex copying technique, the test object is 
copied on the paper under test, using ei^posure 
times which form a geometrical progmsion 
based on 2. After < devdoping to ccnnpletlanf 
the transmission densities are memred ol tho 
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two areas, step by step, corresponding to each 
exposure. The exjwsure is chosen which produces 
the greatest density difference. Starting with 
a result in which the densities, measured by 
reflection, differ by 1-15, to give the best copy 
on a special paper, the density range can be as 
low as 0*8 (densities 0*9 and 17 corresponding 
to a brightness ratio of 1*58 : i). On ordinary 
high-contrast printing papers, however, (bromide 
or chloro-bromide) this density difference does 
not exceed 0*4. 

The density range of the copy will be con- 
siderably reduced if an exposure time is used for 
the copy such that the density of the image 
of the blacks is less than the lowest density 
lying on the straight-line portion of the charac-' 
teristic curve. 

881. Distortion of the paper in the course of 
handling precludes the use of methods described 
above when making reproductions of high 
precision; two variations, however, can be 
used. 

The reflex copy may be made on the type of 
paper in which the emulsion layer can be 
transferred dry to a non-shrink support between 
exposure and development. 

Reflex copying can also be carried out using 
special plates (G. W. W. Stevens, 1944). Plates 
produced by coating glass with special emulsions 
give images of too low contrast to be useful. 
In fact, in the case of paper, light which has 
passed twice through the emulsion is, for the 
most part, returned to it by the support ; 
it is lost, however, if the support is transparent. 
The difficulty has been resolved by coating, as a 
substratum, a special diffusing layer, consisting 
of an almost insensitive emulsion of a silver 
salt, which plays no part in forming the image, 
but which dissolves out during fixing and thus 
leaves a negative on a transparent base. 

In the course of experiments imdertaken in 
perfecting this method, it was found that the 
quality of the black of the document being 
copied has very little influence upon the density 
range of the negative (black and deep grey give 
the same results) whereas the quality of the 
\^tes has a considerable effect. The paper 
can be stsuned yellow without disadvantage 
since the copy must be made by yellow light, 
bat a papet which is somewhat grey or stained 
a broken yellow cannot give the maximum 
/Contrast. 

Exposure must be adjusted so that, after 
devdopment to the maximum gamma, a density 
of a^ut 0*4 is obtained in the image of the 


blacks, when measured by transmission and 
after deducting the density of the base. 

882. When using normal emulsions containing 
silver salts it is possible to obtain negative copies 
only. Direct positives having pure whites can 
be produced on cellulose acetate Aims which 
have been sensitized with diazo compounds 
and exposed through a screen (120 lines per cm) 
followed by semi-moist development (R^toc^ 
process; L. and K. van der Grinten, 1938). 
The films so obtained can be kept just as they 
are and used to produce further prints on 
diazotype paper by contact printing or, when 
backed by a sheet of adhesive paper, they may 
be viewed by icflectcd light. 

IMazotype coatings absorb very strongly the 
rays to which they are sensitive and cannot be 
used for making reflex copies under the same 
working conditions as are used for cop5dng 
by means of silver emulsions. The sensitive 
salt which forms a continuous layer, is destroyed 
by the incident light at the same rate opposite 
the blacks as against the whites of the document. 
By interposing a screen (transparent squares on 
a black ground) the diazo compound is destroyed 
only by the light falling on the part nearest the 
surface of the sensitive layer, the remainder 
being available for the copy since, on the 
almost microscopic areas thus protected, the 
diazo compound is only destroyed opposite 
the whites of the document by the light which 
the whites diffuse. By the light from a 3-kW 
arc lamp, a print is obtained in about 80 
seconds. 

883. Simultaneous Production of a Reflex 
Negative and a Reversed Positive Print. An 
interesting technique, described by A. Rott 
(1939) under the name of “inversion transfer 
by diffusion," enables one ^0 produce, in a 
single operation, the usual reflex negative and a 
positive print capable of being read normally. 
4 ‘he positive is produced on paper coated with 
plain gelatine by the silver halide not used in 
forming the negative image. The sensitive paper 
is of the type normally used for reflex copying; 
the paper which receives the positive image con- 
tains a small quantity of hypo in order to 
dissolve the silver salt, and traces of silver or 
colloidal silver sulphide act as nuclei fOr the 
deposition of silver reduced by the develops. 

After exposure to the printing light in the 
usual way, the sensitive j^per is given normal 
development for one minute and laid face 
upwards on a sheet of glass. To ^ im^e 
side the gelatinized transfer paper is appli^ 
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aftor it has been softened by immersion for a 
few moments in the developer, perfect contact 
being ensured by rubbing down with a squeegee. 
The two sheets are separated after a few 
moments (the contact may be longer in the case 
of images without half-tones); the transfer 
paper bears a positive image which it is sufficient 
to rinse, but the negative must be fixed and 
washed. 

An analogous method enables enlarged posi- 
tives to be produced from a transparency 
(colour transparency or cine film) on to a double- 
coated paper which bears, next to the base, 
a tann^ ^latine layer, then an untanned 
silver bromide emulsion of low contrast which 
is removed by stripping with warm water after 
development, transferring and checking in 
cold water. The image colour of the positive 
thus produced is not always perfectly satis- 
factory but it can easily be modified by 
toning. 

A commercial office document cop3nng process 
based on this principle is known as A^a Copy- 
rapid. Here the exposed emulsion and the 
receiving paper are brought into contact in the 
developing solution and peeled apart again 
after a short time (£. Weyde). 

884. Copying with a Cainera. Although, in 
principle, cop3dng may be undertaken with any 
camera having a sufficiently long extension, the 
adjustment exact parallelism between the 
planes of the original and of the sensitive surface 
is extremely tedious, especially if the copy 
requires to be made to a given scale, unless 
specially built apparatus (§§ 152 to 154) is avail- 
able to facilitate the work. 

Some vertical enlargers (§637) can be used 
as copying cameras. The easel and the dark 
itlde are in an horizontal plane, and the axis of 
the lens is vertical. The parallelism of the two 
conjugate planes can then be tested very simply 
by means of a spirit level. 

In the absence of a permanent installation, it 
is always possible to -make an arrangement to 
simplify the repeated adjustments otherwise 
needed on each occasion. It is, for instance, 
possible to rig up a form of copying bench by 
mounting the camera on a carriage which can 
be slid along grooves or rails placed on a table, 
marks being drawn so that the table can be 
always broi^t to the same position. The easel 
can he fixed permanently to a wall 

If there is insufficient room to use the lens 
with its axis horizontal, a worker with any 
manual skUl could easily arrange for the camera 


to move in vertical slides, the original to be 
copied being placed directly on the floor. 

885. The simplest way of ascertaining the 
parallelism of the planes of the easel and of the 
focusing screen (assumed to occupy the same 
position as vnll be occupied by the sensitive 
surface) when these planes are not horizontal 
consists in using a mirror of such size that it 
can be exchanged for the focusing screen. If 
an assistant is available, the mirror can be much 
smaller, for the assistant can hold it against 
the focusing screen when the observation is 
made. First fix this mirror to the easel facing 
the camera. Remove the lens board and the 
focusing screen, go behind the camera and, 
looking through it, sight the mirror along 
one edge of a flat ruler. The ruler should be 
fitted on an easily movable support such as a 
tripod stand, head-rest, etc., so that the image 
of the ruler edge reflected by the mirror forms 
an exact prolongation of the ruler edge itself. 
The ruler being then left undisturbed and fixed, 
the mirror is put in the place of the rear surface 
of the focusing screen with its reflecting face 
turned to the back of the camera. If the mirror 
is in a plane parallel with the easel the coin- 
cidence of the line of sight and of its image will 
still be seen. If this be not the case, the adjust- 
ment of the camera or of the easel must be 
modified until the sight-line coincides with its 
image in the two positions given to the mirror. 
For the adjustments of the high order of pre- 
cision required in a camera for copying maps, 
and of its various accessories (prism, mirror), 
the methods described by E. Deville, Surveyor- 
General of Canada (1912) must be used. 

886. Factors Aflecting the Sharpness of Copies. 
A copy is perfect only if absolutely sharp and 
if the thicknesses of the lines are rejvoduced on 
the same scale as for the entire image. To 
thicken the lines in a very small-scale copy 
from the negative of a document, it has b^n 
suggested that a glass strip with parallel sur- 
faces be turned in front of the lens around the 
optic axis, the strip being the more inclined 
on the axis the greater the desired thickening 
of the lines (Schlotzer, 1933). In the copy of a 
pen-and-ink drawing, for instance, if the lin^ 
are thickened by a few hundredths of a milli- 
metre only, the effect is considerably heavier; 
on the other hand, if the lines are finer the draw- 
ing loses all strength. There is a risk of the lines 
b^g made thinner by irra^tion in the case 
of over-exposure ; a negative having very fine 
Imes must be somewhat under-expo^, a low 
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density being thus obtained (preferably less 
^an i*o). The negative thus obtained can be 
intensified, however. 

It is necessary to remember that stopping 
down the lens excessively may impair the 
sharpness instead of improving it (§55). The 
better the quality of the lens, the larger the 
aperture which it is best to use. Apertures of 
diameters smaller than one-fiftieth of the exten- 
sion should be avoided. 

An original that is not perfectly dry when it 
is placed on the easel may shrink progressively 
under the effect of the heat of the lamps, and 
the sharpness may suffer in consequence. On 
the other hand, the heating of the layer of air 
between the lens and the original, if the lamps' 
are too near the latter, may cause currents 
similar to those that are seen when sighting 
objects behind a flame (F. Dogilbert, 1909). 

Vibrations of the floor may render it impos- 
sible to obtain a sharp image (§ 152). It is at 
least advisable to avoid walking around the 
camera during the exposure, and particular 
care must be taken not to knock against it, even 
if it is suspended. 

The model must always be placed before a 
black background covering the whole of the 
field embraced by the lens, so as to decrease the 
risk of fog and the weakening of contrasts by 
successive reflections between the components 
of the lens (§ 58), and diffusion by the interior 
surfaces of the camera. 

887. Choice of Sensitive Material. An increase 
of contrast always increases the sharpness of 
the images by merging in the white of the paper 
any unsharpness resulting from the various 
circumstances mentioned above. Originals which 
include only black and white (printed matter, 
wood engravings, lithographs, geometrical draw- 
ings, pen-and-ink drawings) will therefore be 
photographed best on the special emulsions for 
process work. Originals in black on a tinted or 
stained ground, or those in colours (architect’s 
or engineer’s blue-prints, etc.), are reproduced 
by means of process panchromatic emulsions 
with the aid of suitable colour filters (§ ZI9). 

In the case of full-tone originals (and among 
these we must include pencil or charcoal draw- 
ings and copperplate engravings, of which the 
lines are of unequal strength) slow emulsions 
will be required with a very fine grain, or lantern 
plates, but not the special emulsions of very 
great contrast which can reproduce correctly 
only a very short scale, even if development is 
not forced. 


Warm-tone photographs (P.O.P. prints, red 
or sepia-toned bromides) are nearly always 
falsified by copying with non-colour-sensitive 
emulsions, the darker tones tending to merge 
into the deepest shadows. All difiic^ty will be 
avoided by using an orthochromatic emulsion 
with a deep yellow filter, or, preferably, a pan- 
chromatic emulsion with a medium yellow filter. 
These same means are suitable for cop5dng black- 
tone prints on chamois or “antique ’’tinted paper. 

888. Illumination of Opaque Documents. 
Whereas the distribution of illumination on a 
human model, an object or a group is governed 
by aesthetic considerations, the illumination of 
flat documents, for purposes of reproduction, 
is. subject to precise rules. 

The liglit source used for black-and-white 
documents may be mercury vapour lamps; 
for coloured originals incandescent lamps must 
be used. 

The lamps must be placed so that their 
reflections do not appear on the document 
(particularly in the black lines of a drawing). 
This condition is easier to fulfil if use is made 
of a lens of long focal length. If reflections are 
seen, move the lamps parallel to the document 
in the direction of the lens axis. 

The considerations in § 10 on the distribu- 
tion of illumination in a plane illuminated by a 
point source (or a line source) enable one to 
calculate the total illumination at each point 
in the plane, lit by several lamps. Suppose 
that one has to illuminate a square by four 
lamps roughly equivalent to point sources; 
by placing each lamp opposite to each of the 
four corners of the square and at a distance 
from the document equal to or slightly less than 
half the diagonal of the square, illumination is 
uniform to within less than, 4 per cent. The 
average amount of light on the copy will be 
1-45 times that given by a single lamp, when 
•measured at a point on the copy closest to 
the lamp. 

Absolute uniformity is neither necessary nor 
desirable. It is a help to compensate for the 
variation of illumination of the image, from the 
centre to the edges of the field by increasing 
the illumination towards the edges of the 
subject. By moving a photo-electric exposure 
meter or an illumination meter across tli field 
of the document, it is possible to measure the 
relative illumination at various points. 

When illuminating a document by means of 
tubular lamps, the length of the tuto must be 
substantially greater than the larger dimensi oit 
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of the document being copied, the more so the 
farther they are apart If for example, tubes 
of length 1-25 metres are placed 50 cm from the 
document, the illumination is only uniform, 
in the direction of the lamps, over a length of 
about 60 cm. 

889. Photograi^y of Originals on an Opaque 
Base. The grain of the paper can generally be 
subdued by greatly-difEu^ illumination, slight 
departure from ^arp focus, and somewhat 
aiwle exposure. . 

The texture of the paper is emphasized chiefly 
by the reflection of light on the convexity of 
each grain. Thus any means of suppressing 
these reflections results in the disappearance of 
nearly all traces of the structure of the paper, 
at the same time scratches and local abrasions 
due to rubbing are reduced or suppressed, and 
the contrast of the image is increased. 

The most perfect means of eliminating all 
reflections consists in lighting the origin^ by 
polarized light and by suitably orientating a 
polarizing screen fitted in front of the lens (§ 122). 

If a vertical camera is available, a good 
method consists in copying the original im* 
mersed under a few millimetres of water in an 
ordinary photographic dish with a flat bottom 
(A. L. Donnadieu, 1883), care being of course 
taken to avoid all movements or currents of 
air liable to ripple the surface of the water. 
Immersion, preferably in a tank with vertical 
sides like an aquarium, avoids the reflections 
which are always troublesome in the photo- 
graphy of jewellery, gold and silverware, etc., 
the pliotograph being taken vertically or hori- 
zontally according to the nature of the articles. 

Immersion also improves the reproduction of 
141 photographs on mat or semi-mat papers; 
n is ind^ wdl known that such papers have 
a more extended scale of tones when wet than 
when dry. This method is especially necessary 
when the print is to be made on mat paper, 
as otherwise there will be a cumulative loss of 
dptan and of modelling. 

In the absence of a vertical copying camera, 
it may be posrible to immerse &e print in a 
vertical glass tank with plane walls, but it is 
stofto to soak the print in water containing 
abemt zo per cent of glycerine and to apply it 
by its face to a sheet of flawless glass, j nst as is 
done uriicn enamelling prints, or against the gela- 
tine surface of a plate cleared of silver bromide, 
the pmsore of the squeegee then causing the 
grain of the paper to penetrate the smllen 
g^atine. The pycerine prevents drying and 


the resultant risk of sticking to the glass. After 
the copy has been made, the print is well 
washed, dried, and mounted again if necessary. 
It is often sufficient to grease slightly with 
paraffin oil the image side of the print, which 
after copying is wiped and then de-greased 
with benzene or carbon tetrachloride. 

The use of infra-red, which is reflected in very 
different proportions by metallic silver and by 
its amalgam which forms the image has per- 
mitted very contrasty copies to be made of 
Daguerreotypes, which gave only poor results 
with an ortfinary emulsion (B. Svenonius, 1934). 

890. ^hting of Originals to be Copied ti^ 
Transmitted L 4 ;ht. In the copying of trans- 
parent originals on an enlarg^ or reduced 
scale uniform illumination can bt obtained by a 
diffusing surface such as an uncreased sheet of 
white paper, the front surface of which is 
illuminated according to the rules already 
stated (§888), a sheet of thin opal glass, or by 
a series of sheets of ground glass illuminated 
from behind (§635), by means, for instance, 
of tubular electric lamps parallel with each other, 
or, if the surface to be iUuminated is not great, 
by a single mercury tube of M-shape. A 
photographic print with excessive contrasts 
can sometimes be improved by copying if 
illuminated partly by reflected and partly by 
transmitted light, the contrasts being reduced 
proportionally as the lighting by transmitted 
light preponderates. 

In all cases where the photographer is satisfied 
with daylight, in spite of its fluctuations, the 
entire apparatus (camera and easel) is directed 
towards the sky, or at least towards a window, 
outside which a mirror or diffusing screen of 
adequate size supplies the necessary ilhimination. 

Unless a triple-body camera speaally adapted 
for copying is used (§ 152), it is at least necessary 
to cut out the major part of the light reflected 
on the front surface of the original illuminat^ 
by transmitted light; otherwise the copy will 
be badly fogged or covered with reflections. It 
is sufficient to have a tunnel of black fabric 
enclosing four sliding rods (or four chords) passing 
from the adapter fnune (serving as the object- 
carrier when copying a transparency) to the 
front of the camera ; complete light-tigntnesi is 
not necessary. 

891. CofnmerdalorlndusIrialPliolo-co^ 
Doaimeiits. Photographic copying of docoincii^ 
bills, letters of interest to vanous depertmetitt 
^ a business, etc., hasbecomeof great impoftaiioe 
during recent years. Several banks and liifP 
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.organisations have set up photographic depart- 
ments and photographers have specialized in 
this work. 

Excluding for the moment microcopies of 
greatly reduced scale (§ 893) these photo- 
copies are usually made at a scale of between 
X 2 and X 0*5 by means of apparatus which, 
with or without reflectors, allows of lateral 
reversal of the image. 

Lateral reversal is necessary when the repro- 
duction is made directly on to the paper which 
forms the final copy, either as a negative or a 
positive. 

When the camera includes a reversing prism 
or mirror, several positive copies can be made by 
re-photographing the negative obtained in the 
first stage in just the same way as the original 
document. 

Automatic machines have been produced, 
which are often very complicated, for photo- 
graphing in rapid succession documents placed 
into a magazine in files. The copies are made on 
paper and may be cut after each exposure or 
left in a roll. The documents are brought 
automatically in front of the lens, photographed 
and returned to a second magazine. 

892. Expert Photographic Examination of 
Documents. The expert photographic examina- 
tions of documents may be classed under — 

(a) The comparison of handwritings or of type- 
written matter. 

(b) Investigation of forgeries, erasures of vari- 
ous kinds, and over-writing. 

In work of the first group photography is 
used only to make a permanent record of the 
conditions revealed by examination of the 
documents by means of lenses of high magni- 
fying power, and the photographic work is 
usu^y directed by the expert entrusted with 
the examinations. The originals to be compared 
must be copied under identical conditions with 
extreme sharpness, and enlarged to the same 
scale, so as to show the hesitancies of a forger 
in imitating a handwriting, or the individual 
defects of the type-letters which may differ- 
entiate typewriters of the same make. For 
I^Kytogm^ing violet and red typescripts, a 
green Bgm^filter (such as is used for trichromatic 
selection) xAust be used in conjunction with a 
panchromatic emulsion. 

The photographer plays a more active role 
in wmk of the second class, which often allows 
joi rile detectton of differences wbidi it is im^ 
' ppsaihls tc observe visually. The documaat is 


photographed with an enlargement of six to ten 
times linear, if possible with a lens of short focal 
length. 

Erasures are brought out by using a 
lighting which just grazes the surface, or by 
means of transmitted light. Erased texts can 
sometimes be photographed by the method used 
for deciphering palimpsests (old parchments 
written on again after removal of the original 
writing by scraping or rubbing with pumice). 
The original is “lighted" with ultra-violet light 
(rays from a mercury arc in a quartz bulb) 
filtered through a black nickel oxide glass 
(Wood's glass). The paper becomes fluorescent 
except in the parts still impregnated with the 
iron salts of the ink, and may then be photo- 
graphed through a filter absorbing the ultra- 
violet (R. Koegel, 1914), for instance, a solution 
of sodium nitrite in a trough with glass sides. 

The slight traces of yellow remaining after 
chemical erasure of writing can be accentu- 
ated by photographing with an ordinary (non- 
colour-sensitive) emulsion, or, better still, by 
wet-collodion, the document being illuminated 
by a light rich in violet and ultra-violet rays, 
such as an ordinary mercury arc. 

Differences between two inks of the same 
appearance can sometimes be rendered vi.slble 
by placing the document for about 8 days in 
contact with a print-out paper, which is then 
exposed uniformly to light, the text (or a 
mechanically or chemically erased text) appear- 
ing lighter or darker than the ground. 

Another more general method for differentiat- 
ing between inks of the same appearance consists 
in photographing the document several tium, 
each negative being made with a light-mtar 
of different colour; differences of composirion 
are then often revealed by ^differences in the 
depth of the lines. 

Finally, photo-micrographs of low magnito- 
•tion (x 20 approximately), either single yiews 
or stereoscopic views, sometimes permit ol 
ascertaining in which order two lines that arosa 
have be^ drawn, and thus of detecting addi- 
tions made after the writing of the main text. 

893. Reproduction of Archive Documefib 
a Reduced Scale. Reduced-scale reproduction 
(o*i to 6‘05 approx.) of documents from archives 
or libraries on to standard double-jperfofrated 
35-inm dnd film (image size 24 X 36 or 18 X 
24 mm) was suggested by R. B. Goldschmidt in 
1907 and came into use about 1925. Several 
large libraries; and documentation services 
’ provide, at a moderate cost, copies of vahudsb 
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manuscripts, out-of-print books and articles 
published in inaccessible journals. Certain 
libraries also have reading rooms for films 
reproducing rare works in the possession of 
other libraries. Lastly, commercial and in- 
dustrial organizations have made, in this manner, 
compact duplicates of their essential documents, 
storing the originals in a separate place, by way 
of a precaution against all risks of destruction. 

Contrary to logic and also to the decisions of 
the Internationa Congress of Photography, 
popular opinion has given the name “photo- 
micrographs'’ to these reproductions of docu- 
ments to which should be given the names of 
“microphotographs’’ or “microcopies,” the 
word photo-micrograph always designating photo- 
graphs obtained by means of a microscope 
and the images of which are at a scale of much 
greater than unity. 

The films used are non-inflammable, made of 
acetate base (see § 244 for optimum conditions 
for storing such films) carrying a fine-grain 
emulsion of high contrast which may be of 
silver bromide or chlorobromide, colour-sensi- 
tized or not. 

More or less automatic machines enable 
successive pages of a book to be reproduced 
or documents (letters, cheques, etc.) fed from 
a mle into the machine. 

Microfilms can be read by means of a magni- 
fier attached to a holder for the film but this 
method of reading is tiring. It is generally 
preferable to examine an enlarged image from a 
projector, the image being thrown either on to 
a ground-glass screen or a white paper surface. 

This method of copying was used by Dagron 
on the suggestion of D. C. R. d’Almoidan during 
the siege of Paris (1870-71) for sending to Paris, 
by carrier-pigeon, official documents and private 
correspondence. 

Very small-scale reproductions are nowadays 
used as micrometers and graticules in various 
optical instruments (graduation of stereoscopic 
rangefinders, etc.) Sueh images may be produced 
in apparatus resembling a microscope used in 
reverse upon an emulsion identical with that 
used for coUodion papers. The limit of resolu- 
tion of such emulsions is then lower than 
0*001 mm ; gelatine-bromide emulsions of the 
Lippmann t^, thinly coated, can resolve 
atxMit 1,000 lines per mm, if the test object is 
one of high contrast. 

994 . Rcftofiftion to the Vertical of Photo- 
gm^ Taken on an Indkied Plate. A photo- 
ftaidi taken on an oblique (tilted) plate or film 


may be transformed into an image identical 
(except for the scale) with the one which would 
have been obtained on a vertical plate (archi- 
tectural photographs) or on a horizontid plate 
(aerial photogra^ for map making). The 
problem of this rectification of a distorted image 
was studied especially by C. Welbome Piper, 
de Romance, and T. Scheimpflug in 1898, and 
by L. P. Clerc and by G. Labussi^re (1917). 

For this rectification, use is made of the 
formation of a sharp image of a plane placed 
obliquely on the axis of the copying lens 
already studied in § 6(). If need be, the slightly 
convergent vertical lines of a photograph taken 
with a tilted camera can be brought back into 
parallelism by presenting obliquely to the axis 
of the copying lens either only the negative to 
be copied or only the sensitive plate on which the 
copy is to be made, the lens being stopped down 
until the requisite depth of field or depth of 
focus is obtained, but the image thus produced 
is usually not identical with the one that would 
have been obtained direct under normal condi- 
tions; the vertical lines are either lengthened 
or shortened relatively to the horizontal ones. 
Besides the stated conditions for obtaining a 
sharp image or for throwing back to infinity 
the vanishing point of the vertical lines (or the 
vanishing points of the horizontal lines), there 
is a further condition to be satisfied, in the ab- 
sence of which the rectified image is not similar 
to the normal image, but is a “ squat ” or drawn- 
out transformation of it. By this is meant a 
deformation such that the image of a square 
becomes a rectangle, one of the dimensions 
being stretched or compressed. (It may be 
added that care is not always taken to fulfil 
this condition in rectifying an architectural 
negative, so that measurements made from the 
final print would lead to serious errors.) We will 
only state this condition without giving the 
proof. All details will be found in Applications 
de la Photographic adrienne, by L. P. Clerc 
(Paris, 1920), Chapter XII. 

The inters^ion of the plane of the n^ative 
with the verticsd plane or with the horizontal 
plane, which we define later, must be at a 
distance from the entrance node of the rectifyii^ 
(copying) lens equal to the distance at whi^ it 
was (at the time the view was tak^n) from the 
exit node of the lens taking the view. The 
vertical plane mentioned is the plane formed 
(at the time the view was taken) by a horizon- 
tal, perpendicular to the optic axis, containing 
the exit node (in the case of rectification on 4 
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vertical plane ; this intersection is the horizontal 
of the negative containing the vanishing point 
of the vertical lines). The horizontal plane 
mentioned is the plane passing through the said 
exit node (in the case of rectification on an 
horizontal plane; this intersection is identical 
with the horizontal line). 

To permit of a negative being properly cor- 
rected for distortion it is necessary to have a 
camera of which the object (transparency) 
holder and the rear body are both fitted with 
swing movements, the axes of the swings being 
parallel to each other and perpendicular to the 
optic axis. If it is desired to avoid much 
fumbling in the adjustment of the focus after 
use of the swings, the axes of the swings must 
be contained in the respective planes of the 
image to be rectified and of the sensitive surface 
on which the rectified image is being made. 
The negative must be carried on a revolving 
carrier permitting its principal horizontal line 
to be placed parallel to the axis of the swing. In 
order to control the scale of the rectified image 
it is necessary that the negative holder should 
slide in its plane, so as to satisfy the condi- 
tion of non-deformation. Instead of this, the 
decentring of the negative may be replaced by 
that of the lens, but the adjustment is then more 
difficult. Finally, to make the rectification 
possible, it is necessary to use a lens with a 
focal length much shorter than that of the lens 
with which the view was taken. 

895. A particularly simple case is that where 
the planes of the negative and of the sensitive 
surface cut the optic axis of the lens used for 
rectification at the symmetrical points (§63). 
In this case the angles through which it is 
necessary to swing the conjugate planes are 
equal. If, furthermore, the rectification is done 
with the same lens as used for the view, the 
angle formed by the two conjugate planes with 
the normal planes at the optical axis is exactly 
equal to the angle formed by the lens axis (when 
the view was taken) with a horizontal plane 
(rectification on a vertical plane) or with the 
vertical (rectification on a horizontal plane). All 
deformation will be avoided by bringing the 
principal point of the negative to a distance 
e from the corresponding axis of swing deter- 
mined by the equation e = F tan (a/2), F being 
the focal length of the lens and a the angle in 
question. 

896. Hand cameras which have no rising 
front are in general use and this has led to a 
considerable increase in the number of amateur 


snapshots the verticals of which converge either 
towards the top or the bottom of the picture. 
It would be desirable for the establishments 
undertaking amateur work to carry out correc- 
tion of these prints. The practical men. 
frightened by the mathematics brought into 
play, elementary though it may be, prefer to 
abstain. By methodical trials, it is possible to 
arrive at very satisfactory correction without 
the use of any calculation (D. Charles and A. 
Block, 1045). The negative is set square to the 
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Fig. 48. t. Automatic Correction of Converging 
Lines in Enlarging 
(C.' vrpenticr) 

optic axis; the paper holder is then tilced 
until the verticals are restored to parallelism. 
The image is then very unsharp. The negative 
carrier is then tilted to restore sharpness, but 
this upsets, to some extent, the parallelism 
of the verticals. These two operations are then 
repeated in the same order until the image is 
sharp and the verticals parallel 

The image is usually distorted ; the height of 
the image is stretched or compressed relative 
to its width. In order to restore the proportions 
of the image, if not exactly, at least tolerably, 
the negative carrier and the paper holder are 
moved in a direction at right angles to their 
^xes of tilt until the most accurate impression 
is obtained. Correction produced in this way 
may be made exact if the subject includes a 
vertical line on which three equidistant points 
can be identified ; it suffices then to adjust/ the 
amount of de-centring until these three pbints 
are once more equidistant in the image. 

897. Various arrangements have been made 
or suiggested to ensure the automatic link^e of 
the swing movements of the two conjugate 
points. We will describe only the rectifying 
enlarger constructed in 1900 by J. Caipentier 
for the enlargement of negatives taken with a 
camera not fitted with rising-front movements 
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and which is therefore often tilted when photo- 
graphing tall buildings or monuments. 

A triple body camera represented in diagram- 
matic form in Fig. 48.1 comprises a negative 
carrier AB and a dark-slide for the sensitive 
paper which swing respectively round the 
axes RR' contained in their planes of support. 
To ensure the intersection of these two planes 
in Jkf in the plane perpendicular to the optic axis 
of the objective 0 , two levers QR, QR' are fixed 
to the end bodies of the camera and are pierced 
with grooves following the perpendiculars at R 
and R* to the planes AB and A*B\ A gudgeon Q 
moves without friction in these grooves. This 
gudgeon is forced to move in a groove PQ of the 
base, perpendicular to the optic axis, in such a 
position that the distances OR and PR' are 
equal. 

The magnification, measured on the axis of 
tilt, does not vary. In order to carry out, in a 
single operation, rectification and setting of 
the scale of an aerial photograph, a working 
modd was prepared in 1917 by L. P. Clerc for 


giving automatic correction with variable 
magnification, using the Carpentier linkages 
for tilting and Koenig's linkage (§ 69) for main- 
taining the separation of the axes of tilt. This 
apparatus was re-invented by A. Odencrants in 
1934 ; the same arrangement has been embodied 
in an apparatus (F. Ferber. 1942) which auto- 
matically ensures that distortion shall not occur. 

898. In addition to the already-mentioned 
applications of the method of rectifying a dis- 
torted image, the same methods make it possible 
to distort systematically any image so as to 
obtain, for instance, a transparency which, when 
projected obliquely (projectors for advertising 
purposes forming on the pavement in front of a 
shop window an image which is usually badly 
distorted), will be brought back to normal 
proportions. 

In thus distorting an image and then rectifying 
it without observing the condition of non- 
deformation, it becomes possible at will to draw 
out or compress one of the dimensions relative 
to the other in any desired proportion. 
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899. Introductory Note. I'he modem slide 
projector is the result of the development by 
successive stages of the old “ magic lantern “ 
supposed to have been used by the priests of 
Ancient Egypt, and of which a description was 
given in 1461 by C. Milliet de Chales. The im- 
provement of optical arrangements, the dis- 
covery of powerful sources of light, and then 
the use of photographic methods (Langcnheim, 
Duboscq, 1851) for producing lantern slides 
(previously made by painting on glass) — all 
these steps extended considerably the scope of 
the projector. Its employment in scientific 
teaching is due to D. Brewster and to the 
Abb^ Moigno (1872) among others. It has now 
become the indispensable adjunct of nearly all 
branches of teaching. 

Lantern Slides 

900. Standard Sizes of Lantern Slides. The 
dimensions recommended for lantern slides by 
the International Congress of Photography 
(Paris, 1889) have been generally adopted in all 
Continental countries. Great Britain and the 
United States have special sizes. The sizes 
given below and in Figs. 49.1 to 49.4 are the 
maximum dimensions of a bound slide. The 
actual dimensions of the glasses are about i mm 
(1/25 in.) less. The sizes of the useful portion of 
the image (opening in the mask) are obviously 
optional, the values given being about their 
maximum limits. 

Increasing use of miniature cameras has led 
to the introduction of a new size 5 x 5 cm 
(49 ± 0’5 which the picture dimensions 

used are 24 x 36 mm. Single frames of positive 
film may be mounted between glass plates or 
hdd in metal frames in which the film is gripped 
between ridges in the two frames. There are 
on the market still projectors for showing 
stand^d 3S-mm cin 4 -&m carrying frames of 
16 X 24 mtn and 24 X 36 mm, or the 5 x 5 cm 
slides as desired. 

90X. Photogr^>hic Lantern Slides. Lantern 
slides are usually made on special plates yielding 
images of black tone (§$ 708-13} or of warm 
*^tone (§§719-^2), with &e facility of toning or 
dydng (IS735-56)> They are sometimes also 


made by various pigment processes (§§ 803 and 
821 - 5 ). 

It is advantageous to vary the colour of the 
slides of a set, so as to avoid monotony, but it 
is necessary to avoid too vivid colours in striking 
contrast with the average colour of the subject. 

Wlien diagrams,* charts, or numerical tables 
are shown in alternation with views, etc., in 
tone, the excessive brightness of these subjects, 
with extensive areas of white, is so dazzling as 
to prevent the next views from being seen 
satisfactorily. Such alternations of semi-dark- 
ness and light may be fatiguing. To prevent 
this, it is often preferred to project the negative, 
instead of a positive, of the line subject. Such 
negative must not be too dense. In order that 
the rod, with which the lecturer points out 
details on the screen, may be visible, it is advis- 
able that such negatives be toned to u warm 
colour. 

For the printing of lantern slides by contact 
there are various types of special printing frames 
allowing the printing aperture to be centred over 
one part or another of a larger negative. There 
are also available commercially reduction 
cameras (similar in construction to box-form 
enlargers) for copying on a reduced scale from 
large negatives. Reduction from negatives of 
very large size (such as X-radiographs) is usually 
done in a triple-body camera with an arrangement 
for illuminating the negative with (hffused 
light. 

While, with some practice, it is usually 
possible to judge satisfactorily the colour and 
contrast of a lantern slide by holding it at an 
•angle of 45° in front of a white backgrotmd 
which is uniformly illuminated (care being taken 
to avoid reflection of light from the image), it 
is always well to test the slides by passing them 
through the projector in the normal manher. 
This precaution is specially necessary in the case 
of slides which have b^n toned to another 
colour than black; while they may appear 
perfect when viewed direct, they may sometimes 
cause an unpleasant surprise when projected. 

* Aftor adjuitmeat to the scale desired, the thickness 
of the lines must be between 0*3 mm (curves) and 
0*05 mm (lines of the squared mHug) ; the lettering. 
In strokes of uniform thickness (0*15 to o*jo mm), 
most be 1*5 to I mm high. 

3*7 
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The stronger the source of light, the more 
contrasty the slide must be. Slide projection in 
the family circle or before a small audience with 
lights of low intensity calls for comparatively 
soft slides, which would seem somewhat flat 
if shown in a large hall with the customary high- 
power illuminants. The contrast of the pro- 
jected image is decreased, on the one hand, by 
reflections in the optical system of the projector 
(§58) and, on the other hand, by the light 
scattered by the; walls of the room and by the 
dust or smoke suspended in the air. 

902. Diagram and Notice Slides. To save 
time, a notice or drawing may be made directly 
on the slide without the aid of photography. 

The notices can be written or typed on thin 
paper, gelatine, or Cellophane, inserted between 
two ^eets of " carbon paper as used for 
obtaining carbon copies. In this way two 
identical impressions are obtained, one on each 
side, and these reinforce each other. 

The writing or drawing may also be done with 
Indian ink on flrst-class tracing paper, or with 
pencil on ground glass; or. again, it may be 
done by scratching with a stylus on a piece of 
glass previously prepared by coating with one 
of the varnishes used by copperplate etchers. 

The slide may also be made by writing with 
copying pencil on smooth paper. This is then 
applied for 15-20 seconds to a glass covered 
with gelatine (e.g. a fixed photographic plate, 
which must have been washed and dried). This 
is dipped in water and blotted with a non-flufly 
blotti^ paper when about to take the impres- 
sion. The progress of the operation is followed 
through the glass. The lines pass from grey to 
violet in penetrating the gelatine. They do not 
transfer to gelatine which is too dry, and they 
spread if it is too wet. By using a gelatine tinted 
pale green, excessive brightness on the screen 
is avoided, and the contrast of the violet is 
slightly increased (A. Odencrants, 1920). 

^3. Binding Lantern Slides. The steaming-up 
which apjpears on a slide during projection, and 
the meltmg of the gelatine of a slide kept for 
some time in the projector are often due to an 
excess of moisture retained in the gelatine or in 
masks and labels which have not been sufficiently 
dried before the slide was bound up. 

Varnishing lantern slides (§ 577), after dicing 
by heat and then cooling, is a very useful 
means erf preventing any re-abso^ion of 
moisture by the gelame. Failing this, it is at 
least necessary to dry the slides, fitted with 
their masks and labels, before binding them up. 


A judicious limitation of the picture area is 
as necessary with lantern slides as with paper 
prints ; it can only be effected at this stage by 
applying a mask to the slide. If the mask is 
applied to the back of the slide or to the outside 
surface of the cover-glass, its image will not be 
projected sharply at the same time as that of 
the subject — with very unpleasant effect. Just 
as prints from various negatives are trimmed to 
different shapes and sizes, so it is not possible 
to get the best effect from slides if one is limited 
to the few masks available commerciaUy. Among 
these masks those with fancy openings are to be 
avoided, and discretion must be used in employ- 
ing circular or oval openings, which are, how- 
ever, sometimes valuable to conceal a marginal 
defect in a shde. 

The best method is to have a quantity of 
gummed strips of opaque paper of various 
widths ranging from J in. to f in. These can be 
stuck to the emulsion surface of the slide, 
encroaching very slightly on marks previously 
made with a pencil. At least J in. must be left 
between the edge of the picture and the edge 
of the glass ; otherwise the grooves of the carrier 
mil obtrude on the mask, and the binding 
strips will have to be so narrow that they will 
not secure the cover-glass satisfactorily. For 
this it is necessary to choose as thin a paper 
as possible, so as not to add appreciably to 
the thickness of the glasses by the superposi- 
tion of the strips. Paper projecting from the 
glasses must be cut only after the gum is dry. 

Mistakes in the position of the pictures on the 
screen are unavoidable on the part of the 
lantemist unless some distinctive mark clearly 
shows the correct placing of the picture on each 
slide. The custom^ conventional signs 
as follows, the indications of position referring 
to the subject seen as it is desired to appear on 
the screen. 

Continental Europe (Fig. 49. t) A white spot at the 
lower right-hand cor- 
ner. 

Great Britain (Figs. 49.2 and Two white spots along 
49.4) the upper edge or a 

single white spot at 
the lower left-hand 
comer. 

United States (Fig. 49.3) A white spot at the 
lower left-hand cor- 
ner (or this mt may 
be replaced by a 
gummed red atrip 
along the lower edg^ 

These marks must be placed <m the mask 
before binding up with the cover-glass, so Dak 
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the label may be protected as well £is the picture. 
The white spots may be used for numbering 
the slides. 

The free spaces available on one or other side 
of the mask (portions not covered by the binding 
strips) may be used for labels showing, for 
instance, the name of the owner on the right- 
hand side, and a brief description of the subject 


middle of the strip. When a slide of dimensions 
smaller than the normal is being mounted, strips 
of card or glass of the thickness of the slide are 
laid on, so as to fill up the space on either side. 
Raise the sides of the strip to ensure a sufi&dent 
adherence for an instant, and turn the slide 
over. Then pass the linger or a small pad along 
the edge in order to cause the gummed paper to 
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on the left. These labels must be sufficiently 
far from the spots to avoid all confusion. Papers 
of different colours may be used to label slides 
of different sets. Titles, etc., can also be written 
in white ink on the black paper. 

The gummed strips and the labels having been 
thoroughly dried, the slide is bound-up with a 
thin cover-glass of the same size in order to 
protect the image against scratches and finger- 
markings. As far as possible these glasses must 
not be thicker than in., and must be free from 
scratches, bubbles, etc., at least in the portion 
covering the image. The various methods for 
cleaning off old negatives are described in 
§ 5H5. New glasses must be washed in a warm 
solution of sodium carbonate, rinsed, wiped, 
and dried. The surface placed in contact with 
the slide must be perfectly clean and dry. After 
placing this glass on the slide, which has been 
dusted, and having seen that both glasses are 
practically the same size, the two are bound 
together with gummed strips. 

In binding, use may be made of either one 
single strip, about ^in. longer than the total 
length of the four sides of the slide, or four 
separate strips, one for each side. Experience 
has shown &at the ^ise of four short strips 
enables better results to be obtained more 
quickly, ^e one objection to this plan is that 
it does not ensure complete sealing of the comers. 
This is of httle importance if the slides have 
b^ varnished. 

With a sponge moisten the back and then the 
front of the strip laid flat on a table. Place the 
slide and cover-glass (held together) along the 


stick to the edges of the two glasse*^, and then, 
starting from the middle of the side, press the 
sides of the strip against the glasses by rubbing 
between the thumb and forefinger. Finally, 
rub towards the centre of the slide so as to 
stretch the gummed paper. Any paper project- 
ing at the two ends is then cut off aftei another 
strip has been fixed. Various appliances may be 
bought for facilititing the binding of slides, 
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' Fig. 49.4. Standard 2 x 2 in. Slide Sizes 

e.g. clamps (mounted on a base), which grip 
the slide and cover-glass together at the centre 
and permit of the two being turned round;; or 
boards with grooves lined with felt into which the 
glasses are pushed, after the binding has been 
temporarily attached, so as to stretch the paper 
and cause it to adhere to the glass. 

Slides belonging to different sets may be 
distinguished by binding strips of different 
colours. 

904. Storing and Carrying Lantern Slides. 
Lantern riides are best kept in the plate boxes 
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(usually 8 bound slides can be put in a box, in 
which 12 plates are sold) with the same precau- 
tions as prescribed for negatives (§ 588). 

For carrying the slides by hand, several types 
of boxes are used. One of the best has no grooves 
but has a false bottom htted with springs. The 
plates are arranged on edge, separated into 
batches by movable partitions. The lid is either 
hinged or completely detachable; in the latter 
case it is secured by hinged brass catches. This 
lid contains two thick bands of rubber which 
press the slides against the false bottom and 
thus prevent all movement. The handle is a 
stout leather strap, completely enveloping the 
box, and is kept from slipping by metal saddles. 
Any vacant s]»ce inside the ^x must be packed 
wiUi corrugated cardboard or balls of crumpled 
paper. Grooved boxes are to be avoided — they 
are too cumbersome — and boxes with metal 
handles should not be chosen, since such handles 
cut the fingers and are not always strong enough 
to stand heavy weights. (We have seen boxes 
supplied for a hundred slides, i.e. a weight of 
over 13 lb, the handles of which were fastened 
with quite short nails, with the heads cut 
through in imitation of screws !) 

No attempt must be made to lift a block of 
slides out of a box when these slides are standing 
on edge. If the block is pressed very tightly the 
slides at either end are almost sure to broken 
by the excessive pressure. On the other hand, 
if the pressure is 1^, the slides are insufficiently 
held, and slip and fall. First of all, place the 
box on end so that the slides are flat. It is then 
possible to take out small batches without any 
risk of breakage. 

For sending lantern slides by post, the best 
wthod is to put them in plate l^xes (of lantern- 
plate size) in tight packets. The boxes are 
secured with wide rubW bands, and are put in 
astrong wooden box with a screwed lid and thick 
packing of corrugated cardboard or felt sur- 
rounding the various boxes. 

Slide Projectors 

905. Parts of the Projector.^ A slide projector 
consists essentially of a light source of high 
power enclosed in a lamp house, a condenser, a 
slide carrier, enabling the slides to be chan^ 
rapidly, and a lens. * The projector is usualiy 
fflaced on a stand, bringing the lens opposite 

^ In tfat United States, prpjectkm lanterns ai« some- 
tlmes known as SisriOpPtcowi, which the uninformed 
liave eometinies erronemisly associated with the idea of 
stemoscopy. 


the centre of the screen, the stand being fitted 
with a shelf for the ^des before and after 
projection. The table and shelf should be edged 
with strips of wood so as to form trajrs, in order 
to prevent slides and accessories from falling 
off acidentally, as may easily happen when work- 
ing in almost total d^kness. Folding tables, of 
which several patterns in wood or metal are 
obtainable commercially, are also used, or even 
a photographic tripod suitably wedged on a 
table (or several tables placed side by side to 
form a platform for the operator). 

In additon to these normal parts, projectors 
fitted with very powerful light sources are 
equipped with cooling devices. 

906. The Laxiq) House. The reader will find in 
the catalogues of makers and suppliers of pro- 
jection instruments more complete descriptions 
than can be given here of the numerous models 
of projectors. Some resemble enlargers, but with 
more ample ventilation, permitting the use of 
more powerful light sources and not requiring 
such careful light-trapping, since any escape of 
light is of small account, particularly when the 
lantern is placed behind the spectators. 

Within the limits of the money which can be 
spent, it is best to choose projectors the lamp 
houses of which are of very large size, as this 
gives great latitude in the choice of the illumi- 
nant. It is also advisable that the condenser 
be capable of insertion and removal from the 
side without having to take out the lamp, and 
that the spring platen under which the carrier 
slides should allow the use of other carriers 
than the one supplied with the lantern. Finally, 
the lens board must be capable of being mov^ 
out to a sufficient distance from the slide carrier 
to permit lenses of considerable focal length being 
employed. Such lenses are necessary in long 
halls unless the lantern is placed among the 
audience — an inconvenient arrangement for 
both spectators and operator. 

Projectors of simple construction are usualiy 
fitted with condenses of 4 in. diameter, which, 
however, allows a slide area of only 2} x 2I in. 
being projected. It is for this reason that slides 
suj^lied by lantern slide^^pubUshers are usually 
fitt^ with masks with rounded corners, so as 
to include the whole view in the circle Uluminkted 
by the condenser. It is well to choose a projector 
with condensers of 4)211. diameter, nmdi per^ 
mits of slides 3) X 3) in. or 2) X 3) in. being 
diown. Better stiU, if the cost is not prohibitive, 
is the choice of a pr^ector with a condenser nf 
6 or 6} in. diameteri sBowing of the prQjee#in 



SLIDE MAKING AND PROJECTION Sai 


of transparencies of size x 4i in. on the 
special films for direct colour photography. 

For projection in very large haJls where it 
is not always possible to place the projector at 
mid-height of the screen, it is very desirable to 
have an instrument in which the various parts 
can be de-centred. This avoids the necessity 
of tilting, which would cause a certain amount 
of distortion, unless the screen be also tilted so 
as to be at right angles to the axis of the 
projection lens. 

907. Light Sources. Either for home projec- 
tion or for lectures before audiences limited to 
about a hundred people, specially designed 
incandescent projection-type lamps are used 
almost exclusively. The filament of these lamps 
is very compact and is made uo of several 
helical coils arranged parallel to one another 
in the same plane or in two parallel planes 
(bi-planc lamps). The coils of the rear plane 
are placed so as to coincide with the spaces 
between the coils of the front plane thus giving 
an illuminating surface of almost uniform 
brightness. The filament area is smaller in 


lamps, provided they are supplied through a 
resistance, or preferably a transformer. 

Both sides of the filament emit light equally, 
therefore a concave mirror is placed behind the 
lamp and so adjusted that it reflects an image 
of the filament coils into the spaces between 
them. This adjustment is carried out by 
removing the projection lens so as to throw an 
image of the filament, formed by the condenser, 
on to a piece of white card held by an assistant 
at a suitable distance. Move the mirror back- 
wards or forwards until a sharp image is ob- 
tained (the centre of curvature of the mirror 
is then in the plane of the filament). A slight 
tilt of the mirror produces an alternation of 
the two images (direct and reflected) of the 
filaments. In the absence of a reflector, scarcely 
18 per cent of the total light output of the lamp 
is made use of ; this is raised to about 30 per 
cent by the addition of a properly adjusted 
reflector. It is, alternatively, possible for this 
adjustment to attach an additional lens to 
the projection lens and so throw on to the 
screen a sharp image of the lamp filament. 


Life of 
Lamp 
(hours) 

Wattage 

Voltage 

Current 

(amps) 

Filament Size 
(mm) 

(height X width) 

Total Flux 
(lumens) 

Brightness 

(candles/cm*) 

Colour 
Temperat ire 
(“K) 

15 

1,000 

no 

9 



32,500 



3.360 

15 

1.500 

110 

136 

— — 

50,000 

— 

3.370 

15 

2,000 

no 

18 

— — 

69,000 

— 

3.430 

25 

300 

100 

3 

7x8 

7,500 

1,215 

— 

25 

500 

no 

4-5 

8 X 7-5 

12,800 

2,430 

— 

50 

100 

30 

3-5 

4*6 X 4*6 

2,400 

1,070 

— 

50 

zoo 

no 

0-9 

5’5 X 5’5 

1,900 

525 

— 

50 

250 

no 

2-4 

8x8 

5,800 

810 

— 

100 

goo 

30 

30 

12 X 10 

27,200 

2,250 

3,200 

100 

1,000 

no 

9 

15 X 13 

25,700 

2,320 

3,100 


proportion to the total luminous intensity and, 
for the same power, this area can be reduced 
the lower the supply voltage becomes. This 
r^uction in filament-area is possible because 
there is less risk of neighbouring coils arcing 
even though they are closer together and, 
being made of larger diameter wire, the life 
of ^e lamp will be longer, under the same 
conditions. 

Projection lamps are designed to have a 
nominal life of 15, 25, 50, or 100 hours; lamps 
of Ibe shortest worldng life are generally re- 
stricted to dnteato^ph projection. The table 
atove gives the mmn characteristics of several 
of these lamps. Comparison of the data ^own 
makes dear the advantage of using low-voltage 


Lamps should not be switched on to their 
full working voltage immediately but through a 
resistance ; the length of time before switching 
on to full power varies with the power of the 
lamp. 

Certain of these lamps are intended fm 
burning vertically "cap down"; the bulb is 
often of tubular form. Others, having a spheri- 
cal bulb, may be used horizontally. Such 
lamps should be used only in their recommended 
position. 

Avoid all over-running of projection lamps 
and, as a precaution, regidaiiy ^eck the volta^ 
or the amperage of the supply current by means 
of a suitable meter in the circuit. 

Owing to the progressive evaporation 0! the 
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tongsten lamp iilament, its diameter decreases 
and consequently its resistance increases. If 
a constant voltage is applied to the lamp the 
current decreases progr^ively. thus causing 
the luminous intensity to fall also. By keeping 
the current constant, which requires an increase 
in voltage, the filament brightness increases 
but is compensated for by the absorption of 
the light by the tungsten condensed on the 
inside of the bulb (blackening). 

908. Arc Lan^. >Mien two solid carbon rods 
(arc-lamp caibons) which have been connected 
to a source of direct current are drawn apart 
after having been placed in contact ^nth one 
another for a moment, a stream of incandescent 
gas (an electric arc) connects the two electrodes. 
A crater quickly forms on the positive carbon 
at a point nearest to the negative carbon 
whilst a blunt point forms at the end of the 
negative carbon. Most of the light (95 per cent) 
comes from the crater (dominant wavelength 
700 m/i) which reaches a temperature of about 
3,50oX whilst the point of the negative carbon 
re^es only 2,700^. The light emitted by the 
arc flame is violet (dominant wavelength 400 
m/i) and is accompanied by a high proportion of 
ultra-violet. 

The best performance depends upon the gap 
which, in turn, depends on the carbons. Length- 
ening the arc increases its resistance : the current, 
therefore, falls unless the voltage is increased. 
Owing to the burning away of the carbons 
the gap must be maintained either by automatic 
means or hand adjustment. 

The difference in potential necessary, pro- 
portionately less as the current is increased, 
varies from 40 to 55 volts according to the 
nature of the carbons. Too high current 
produces a hissing arc which becomes unstable ; 
the excess of carbon evaporated from the 
crater condenses on the negative carbon and 
forms a mushroom. The brilliance of the 
crater increases with the current density (cur- 
rent in amps, divided by cross-sectional area of 
the positive carbon) ind reaches a maximum at 
15,000 to 16,000 candles/cm*. The area of the 
arc is proportional to the current density as 
long as the arc is silent. For equal current 
demties, high power arcs have a higher efii- 
dency than arcs of low intensity. The propor- 
tion of the crater obscured by the negative 
carbon is reduced by diminishing the area of the 
latter; when this cross-sectional area is equal 
to half that of the podtive carbon (the diamrters 
are then in the ratio of i<4 : i), the rates of 


combustion of the two carbons are equal (from 
10 to 25 cm per hour, according to the current 
and the nature of the carbons) and this con- 
siderably helps in providing automatic regula- 
tion for the arc. A resistance must be connected 
in series with the arc in order to counter the 
effect of the drop in voltage which takes place 
when the arc lengthens. 

909. For the positive electrode "cored" 
carbons are used (similar to the lead in a pencil) 
which are made of softer carbon of better 
conductivity than the outer shell. These 
stabilize the arc which, with solid carbons, 
tends to wander over the tip of the positive 
carbon. If a cored negative carbon is also 
used, a crater forms in it also, but of considerably 
less brilliance than that of the positive carbon. 

When an arc is fed with alternating current 
two identical cored carbons should be used, 
the tips of which, in turn, form the principal 
hght source. For an equal current density the 
temperature of the points is noticeably lower 
than that of a positive crater, h'or this reason, 
the light is more yellow. The lower efficiency is 
compensated for by inserting into the circuit 
a choke in place of the resistance used for direct 
current. The presence of the choke in series 
with the arc reduces the time of extinction 
produced by each cycle of the current. Tin* 
effective voltage required for an arc of given 
length is a little less (30 to 35 volts) than with 
direct current, which corresponds to an instan- 
taneous peak value almost equal to that for direct 
current. The a.c. arc emits a continuous hum. 

910. By using as the positive pole a carbon 
with a mineralized core (containing moderately 
volatile metallic salts, such as fluorides of 
caesium and cerium) the arc can be made 
about five times the length, owing to its much 
higher conductivity. It no longer forms a 
proper crater, and the intensity of the incandes- 
cent tip of the positive carbon is only a little 
greater than that of the arc which emits about 
85 per cent of the total light. The light is bluish- 
white; its spectrum contains a considerable 
number of lines and bands of great brilliance 
against a continuous background of much 
lower intensity. The efficiency is about 21 to 
35 lumens per watt, according to the current 
and the nature of the carbons, as commued 
with 7 to 14 lumens per watt for uncored cBiboos. 

With alternating current, two identical car- 
bons with mineraU^ cores are used ; the txc 
then works more regularly and with less noise. 
Since the arc is the main source of the lights 
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the periodic reversal of the current is no longer 
a hindrance, both cycles having the same 
efficiency. 

When the current density of an arc (50 to 
65 volts) is increased between a horizontal 
mineralized carbon and an inclined negative 
carbon, beginning at a certain value (about 
60 amps per cm*) a brilliant flame strikes out 
zdmost vertically, which repels the arc (Beck 
effect). The intensity of the crater, greater 
than that of the flame, is not uniform; its 
maximum reaches 75,000 candles/cm* (and even 
exceeds 100,000 candles/cm* in certain t3rpes of 
lamp). This increase in brilliance is due to an 
intensification of the continuous spectrum and 
broadening of the bands. The conductivity 
of the negative carbon no longer being sufficient, 
a carbon coated with a sheath of copper is 
used which vaporizes a few millimetres from the 
arc. The cartons burn very rapidly and so, to 
avoid having to replace them so frequently, 
very long carbons are used. 

91 1. For still projection (and sometimes also 
for enlarging on to very slow emulsions) arcs 
are used, the carbons of which are in line and 
inclined at about 30" to the vertical so that the 
crater faces the projection lens. With alternating 
current arcs are used the carbons of which are 
convergent so as to present both points towards 
the projection lens; the angle of the carbons 
is about 120" (60” on each side of the optic 
axis). Lamps with convergent carbons are 
sometimes fitted (when mineralized carbons are 
not used) with a magnetic blower, a horse-shoe 
electro-magnet, placed in series with the arc, 
which pushes back the arc and consequently 
allows of better use of the emitted light. In 
lamps, the carbons of which are in line, the same 
result is obtained by the use of a semi-cylindri- 
cal sheath- of refractory material placed behind 
the arc (Marcou, 1905). This moves the crater 
in the opposite direction and, with alternating 
current, it opposes the rotation of the arc. 

With high-power arcs (using the Beck effect) 
working only on direct-current, the positive 
carbon is horizontal with its axis in line with 
the optic axis ; the negative carbon, set 
obliquely, lies at about 75° to the optic 
axis in order to dear the crater. It is essential 
alwa3rs for the axes of the two carbons to be in 
the same vertical plane. 

912. Carbons must be kept dry ; thesphitter- 
ing of an arc is often due to damp carbons. The 
heat h:om the rheostat or the lamp house can be 
ultilized to dry them. They are also very brittle, 


and there is risk of cracking them if they fall 
or are held too tightly in the carbon holder. 
When a copper-coated carbon is broken inter- 
nally, it breaks completely in course of use at 
the position of the crack and must be replaced 
immediately. If carbons are too small in dia- 
meter to fit the carbon holder, a brass sleeve 
should be used to take up the slack. After the 
arc has been struck and not until completely 
cool again, neither the carbons nor the carbon 
holder should be handled except by means of 
tongs or with a thick pad of cloth which will 
certainly be scorched if not burned. 

When striking the arc, particularly high- 
power arcs, set the resistance to its maximum 
before placing the carbons in contact or before 
switching on an automatically controlled arc 
lamp. This will avoid blowing the fuses or 
throwing out the circuit-breaker. The resistance 
can then be reduced until the arc behaves 
normally. Over-running the arc, by reducing the 
resistance may be useful when projecting a very 
dense positive (coloured slide or screen-plate 
colour photograph). 

Numerous arc lamps exist which have 
automatic regulation but no model has yet 
appeared on the market which is simple Jtnd 
perfectly reliable. There are, however, various 
types of automatic lamps which allow of a very 
considerable reduction in the frequency and 
amount of the manual adjustments necessary 
during a single session. 

Automatic regulators have been devised in 
which the movement of the carbons was con- 
trolled by photo-electric cells or by bimetallic 
strips on to which the image of the carbons is 
thrown (Zaffaraus, Lozier, and Jay, 1941). 

The regulation of the arc requires that it be 
examined very frequently. This examination 
must be made through sight-holes fitted with 
red or very dark smoked glass. With a fixed 
'installation it is possible to avoid looking at the 
arc, the glare of which is more serious the more 
frequently it is experienced, by piercing in €xne 
of the sides of the lantern a very sn^ hole 
which acts as a pin-hole (§ 40), and projects on 
the side of the room a greatly enlarged image of 
the arc and of the tips of the carbons. It is 
then an easy matter to trace on the wall (or on a 
sheet of card hung there if necessaro) the 
normal position of the carbons, thus dlowing 
the arc to be constantly watched (F. Dogilbert, 
1914). 

913. The volt^e necessary to operate an arc 
and its regulating resistance is about 40 to 
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75 volts. The use of an arc on a direct- 
current circuit makes it necessary to dissipate 
in the resistance a large proportion of the energy 
consumed (about 6o to So per cent in a circuit 
at no volts ; from 8o to qo per cent in a 220 volt 
circuit). In an installation of some size, 
the mains current is used to drive a rotary 
converter (a motor coupled to a dynamo) 
which provides current at the required voltage. 

Using an alternating current supply, it is of 
advantage to convert the alternating current 
to direct current of the voltage desired, either 
by' means of the above-mentioned ^uipment 
or by a transformer coupled to a rectifier. 

In a smaller installation, the voltage of the 
alternating current is reduced either by a 
transformer or by an auto-transformer or by 
using a choke which lowers the effective voltage 
by throwing out of phase the voltage and the 
current. The efficiency of the choke is lower than 
that of the transformer but its cost is con- 
siderably less. 

914. High-pressure Mercury-vapour Lanqjs. 
Some cine-projectors have made use of high- 
pressure mercury-vapour lamps and they can 
also be employed for still projection or enlarging. 
By comparison with an arc lamp, they have the 
advantage of needing no adjustment during 
use and compared with a filament lamp, they 
have a higher light output. The spectrad 
composition of the light given out by these 
lamps renders them very unsatisfactory for the 
projection of colour transparencies, however. 

915. The Condenser, l^e condensers of pro- 
jectors are similar to those already described 
for use in enlargers. The precautions to be 
taken against overheating the condenser are 
all the more necessary, as the light sources 
usually employed for projection work are very 
much more powerful than those used in enlarging. 

In some cinema projectors, compound con- 
densers (A. Koehler, 1915; L. Lenouvel, 1922) 
have been used. With these an auxiliary lens 
projects on the gate a sharp image of the rear 
sur&Loe of the condenser. Such devices are not 
of general importance in still projection. 

9x6. Slide Carriers. Slide carriers of the usual 
t3rpe comprise a fixed frame which is slipped 
under the spring platen of the carrier stage and 
within whra a %ht holder for two slides can 
be pushed to and fro. When one of the apertures 
In this holder is centred on the optic axis, the 
other aberture is outside the carrier stage, so 
that slim oan be pnt in or taken out. Stops at 
each end limit the travel of the holder. To 


facilitate the removal of the slides, levers are 
usually fixed under each half of the frame, being 
raised on inclined planes when the respective 
aperture has emerged from the fixed frame. 
The slide is thus raised about } in. in its grooves. 

In some carriers, the openings of the go-and- 
return holder are fitted with adapters in which 
the slides are placed. In this way slides of 
various sizes, with the picture horizontal or 
vertical, can be shown by means of one carrier, 
provided a suitable assortment of adapters is 
available. There are also carriers with two pairs 
of apertures, one behind the other, e.g. for slides 
of the British and continental sizes. It is neces- 
sary to re-focus when using successively a front 
ap)erture and a rear one. There are also slide 
carriers in metal in which each of the holders 
is mounted on a revolving plate, so that the 
slide can be placed horizontally ^or vertically 
as may be required. As there is no standard 
for the thickness of the carrier for lantern slides, 
it may happen that a lecturer taking with him 
his own special slide carrier may find it unusable 
with the projector placed at his disposal. In 
any case it is well to take with one some slips 
of wood of the same thickness as the carrier in 
order to stop the light issuing above and be- 
neath the carrier when the latter is used in a 
projector intended for larger sizes. 

Mention may also be made of the magazine 
carrier which the lecturer loads beforehand with 
slides placed in the order in which it is intended 
to show them, and which is actuated from a dis- 
tance (G. Massiot, 1909). There are also numer- 
ous automatic devices (used for advertising) 
by which a picture is thrown on a screen. For 
the small projectors used for 5 x 5 cm slides 
a similar type of carrier is common, (including 
magazine carriers) but these are interchangeable 
with the carriers for film strips on 35-mm per- 
forated film. Film strip holders usually comprise 
a spool holder at the top, and a take-up spool at 
the bottom, together with an adjustable mech- 
anism to advance the film one frame at a time. 

917. Projection Lenses. The lenses generally 
used for projection work are of the Petzval type 
(§ 97 and Fig. 10.6), in rack mounts for focusing. 
Mounts are also used in which may be placed 
interchangeable tubes, each carrying a kns of 
difierent focal length. Allowing for losses of 
light due to dust suspended in the air (end 
sometimes to smoke) the illumination of the 
screen is independent of the distance between 
the screen and the projector sut^ect, on the one 
hand, to the image being always, pnqected of 
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the same size, and, on the other hand, to the 
lens transmitting the whole of the light issuing 
from the condenser. This latter condition 
requires that the diameter of the lens is larger 
the longer its focal length, and this is unfor- 
tunately not the case with lenses -interchange- 
able in one mount, the invariable diameter 
if in., 2i in., or zf in. being that usually given 
to a lens of medium focal length. 

Owing to the light diffused by the lantern 
slide, the luminosity increases a little when use 
is successively made of lenses with a relative 
aperture increasingly larger beyond the size 
necessary to pass the beam of “directed” light, 
but the contrast of the image decreases. By 
masking the “directed” light by means of a 
suitably placed opaque patch, there will be seen 
on the screen a partly inverted image (illumi- 
nated only in Jhe medium half-tones) formed by 
the diffused light, the effect being to some 
extent comparable to that obtained by observa- 
tion in a microscope with dark-ground illumina- 
tion (H. Joachim, 1931). 

The requirements of cinema projection and 
of projection of colour slides have led some 
makers to produce special lenses with the same 
relative aperture as the Petzval lens, but better 
corrected, especially as regards curvature of 
field. In some of these lenses the distance from 
the focal plane to the pole of the rear glass is 
not more than half the focal length. The rear 
gl^ is thus quite close to the slide and can 
utilize the whole of the beam without the need 
of such a large diameter of lens. 

It has be^ suggested (Swift, 1894) that the 
field of very rapid lenses be flattened by placing 
in the fixed frame of the slide carrier a plano- 
concave lens the plane surface of which is as 
close as possible to the slide, this lens pla3dng 
the part of the field corrector of Piazzi-Smith. 

For projectors used in halls of very different 
sizes the use has been suggested of lenses con- 
structed on the principle of variable-focus 
telei^oto lenses (§ 108), in ord6r to avoid having 
to carry a series of lenses of different focsd 
lengths (A. Brouquier, 1901). Such an arrange- 
ment al^ enatdes the size of the jactures to be 
changed during one and the same lecture, and 
thus the demonstrator may show on a magged 
scale the details of a subject after showing it as 
a whole. 

It is easy to improvize cheaply a projection 
lens of large aperture, but incompetely corrected, 
yet nevertheless quite suitable for projection in 
a hall of very large size where the spectat(»8 


nearest to the screen are some yards away. To 
do this, two plano-convex lenses are assembled 
so as to form a very large “ Ramsden ocular ” 
(L. Lumi^e, 1924). To obtain a lens of focal 
length F, two identical plano-convex lenses of 
focal length / = i JF are obtained and mounted 
with their convex surfaces facing each other, 
at the ends of a tube (or box) of length equal to 
8/9F. It should be borne in mind that the 
nodal points of the whole lens are crossed, their 
separation being equal to 4/9F. 

For instance, two lenses of 56 in. focal length 
and 8 in. diameter, mounted at 37 in. from each 
other, will form a lens of 42 in. focal length 
working at F/5-3. 

Testing a projection lens is best done under 
normal conditions of use, employing as a test 
plate a thin plate of metal in which holes with 
clear-cut edges have been pierced. 

918. Cooling Devices. Until recent years, 
overheating of the lantern slide (or of the pre- 
paration, in cases where anatomical or other 
sections are directly projected) was avoided by 
a water trough placed in front of the condenser. 
This trough, the sides of which are formed of 
glass, contains either pure water or certain salt 
solutions the efficiency of which has sometimes 
been over-stated. 

Pure water certainly absorbs the infra-red 
rays of great wavelength, but not those near 
to the visible extreme red, and both kinds 
produce heat only. The absorption of the infra- 
red can be increased only by the addition to 
the water of a substance of selective absorption 
which also absorbs some of the useful light. 
Alum, which is sometimes recommended, has no 
effect other than that of clarifying the water if 
it is dissolved before boiling. Glycerine also 
is very slightly effective except that it raises 
the boiling point of the water. It is obviously 
necessary to select a salt of which a solution of 
useful strength does not transmit light of a very 
marked colour. For instance, in troughs of 
about 2 in. thickness a 10 per cent solution of 
ferrous sulphate may be used (C. E. K. Mees, 
1912; this is very easily oxidized in s^ite 
of the addition of a little sulphuric acid),, or a 
1*5 per cent solution of copper sulphate, which, 
is perfectly stable, may be used (W. Crookes,^ 
1921). It IS best to use distilled water, or, failing 
this, water which has beoi boiled, to avoid the 
formation of lime deposits on the glass. The 
water trough may be connected to a tank at a 
higher levd, so as to enstffe a continuous circa- 
latimi, thereby avoi^ng overheating,, with the 
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consequent risk of bubbles. The water in the 
trough may be cooled by a coil through which 
cold water circulates. 

It has been suggested that the light source 
(incandescent lamps) be immersed in a water 
trough (£. Borland!, 1912) or to combine two 
water troughs with a slide carrier (P. F6ron 
Vrau, 1921) for use alternately. 

In cinema projectors it has been common 
practice for some years past to cool the film by 
blowing moist air against both its surfaces. 

Glasses able to withstand considerable heat- 
ing, and slightly tinted a greenish blue, absorb 
the greater part of the infra-red rays and absorb 
only a little light. They can themselves be 
cooled by having air blown on to them. 

The inclusion of a heat filter such as this is 
now almost standard practice with miniature 
slide projectors. The filter is usually made from 
Chance ON 19 or ON 20 heat-absorbing glass. 

Projection Screens 

919. General Notes. Types and Efficiency of 
Screw. Pictures may be projected on an 
opaque screen, the projector being on the same 
side of the screen as the spectators (projection 
by reflection) t or on a translucent screen, the 
projector being on one side of the screen and the 
spectators on the other (back projection). The 
choice between these two methods usually turns 
on the nature of the premises. Where the slides 
are shown to assist a lecture, it is usually 
preferable for the projectionist to see the 
lecturer because he can then foresee his require- 
ments, collaboration between the two being 
thereby better assured. Also, for back projection 
to be satisfactorily seen it is necessary that the 
spectators should view it from a position not far 
from the projection axis, so that their number is 
smaller than when an opaque diffusing screen 
is used. 

For a long time the only screens used were 
opaque ones with a mat surface. Since 1910 
screens with semi-diffusing and semi-reflecting 
surfaces (metallized screens : J. Anderton, 1891 ; 
A. and L. Lumi^re, 1901, etc.) have also bmn 
used, a very much greater luminous efficiency 
being sometimes claimed for them. A sheet 
newly coated with magnesia throws back about 
90 per cent of the light it receives, and a much 
higher efficiency is inconceivable. The essential 
difference between the mat screen and the 
metallized screen lies in the manner in which the 
light is distributed by the screen. A mat 
screen throws it back almost uniformly in 


all directions ; a spectator viewing the screen' at 
an angle almost grazing its surface sees it nearly 
as brightly lit as a spectator occupying a position 
opposite the centre of the picture. With a 
metallized screen, on the other hand, the major 
part of the light is sent back according to the 
laws of specular reflection ; a spectator opposite 
the screen sees it very brightly, but as soon as a 
position away from the perpendicular to the 
screen-surface is taken, the brightness decreases, 
at first slowly and then with increasing rapidity, 
especially on that side of the screen which is 
farthest from the viewer. If a sheet of good- 
quality white blotting-paper be placed against 
the surface of a metallized screen by an assistant, 
the metallized surface will appear much brighter 
than the paper when one faces the screen, but 
the screen soon appears less bright than the 
latter as one moves to the side. 

A metallized screen and a mat one are there- 
fore not interchangeable. It cannot be said that 
one is brighter than the other. The former is 
better for use in a long, narrow hall of which 
the screen takes up nearly the whole width, 
whilst a mat-surfaced screen is better in a very 
wide hall in which the spectators in the front 
rows see the screen under considerable obliquity. 

Between the above two extreme cases there 
are various intermediate types, usable within 
an angle of about 30 degrees on either side of the 
normal ; screens with a rough metallic surface, 
metallized screens covered with a layer of small 
glass beads in contact, etc. 

The screens in common use are of flat surface. 
Under the pretext of suggesting a sensation of 
relief or of rendering the illumination more 
uniform, screens of curved surface have fre- 
quently been advocated. The fact that the 
perception of relief in viewing an image projected 
on to a curved screen depends exclusively on 
auto-suggestion has been established by the 
very people who have devised such screens, for 
not only have they made claims for curves of 
the most diverse kinds, but the number of those 
advocating a concave surface is about equal to 
that of the advocates of a convex one. As 
regards more uniform illumination, it is no doubt 
correct that a screen formed of the concave 
portion of a cylinder with a vertical axis would 
be advant^eous if the projection were made 
before a single spectator placed, as the lens of 
the lantern, on the axis of curvature of the 
cylinder, but this advantage disappears in the 
case of a spectator removed to any extent from 
this ideal position. 
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In public cinemas, the loud-speakers are 
placed behind the screen and it is necessary 
therefore for the screen to absorb as small a 
fraction as possible of the sound. This is 
achieved by perforating the surface of the screen 
with small holes, regularly spaced. They are 
too small to be seen and make up only 4 to 8 
per cent of the surface area. The brightness of 
the picture is only very slightly reduced. 

920. Opaque Diffusing Screens. A screen may 
be made on a wall by a coat of plaster (if neces- 
sary, hardened with fluosilicic acid, so as to 
render it washable) or by covering it with a 
washable mat white paint. 

Usually, however, the screen needs to be of 
fabric mounted on a roller like a blind or 
stretched on a frame. This frame can be sus- 
pended from fixed pulleys by cords fitted with 
counterweights, or it may be one which can be 
taken to pieces for occasional use or transport, 
in which case the frame is held up for use by a 
folding support or one that can be taken to 
pieces. In tliis case the sheet is edged with a 
wide hem in which there are brass eyelets 
(of the kind used on tarpaulins) at about 6 in. 
intervals. The sheet can then be stretched by 
a cord which passes through the eyelets and 
also round the frame; or opposite rods of the 
frame may be passed through each of the hems, 
one side of the frame serving as a roller on which 
the sheet is wrapped when not in use, so as to 
avoid creases. 

Although the screen has sometimes been made 
of American cloth, or oil-cloth, or similar coated 
fabrics which have the advantage of being easily 
washed, it is usually preferred to employ a 
white sheeting of close texture. Calico may be 
obtained up to 9 ft in width, and canvas without 
a join up to 24 ft. If larger than this, the screen 
is made of several widths, the joins being hidden 
by the coating. The coating to be applied (after 
the sheeting has been stret^ed on its frame in 
the case of a screen not intended to be removed) 
consists of a white, opaque material such as 
whitening mixed with glue, or, preferably, with 
the following (Molteni, 1894) — 

Gumarabic . 50 g 

White magnesia (hydrocarbonate) 200 g 
Water, aimt .... 1000 ml 

A very small quantity of glycerine (10 ml) 
may be added to this mixture to render the 
coating somewhat more flexible when the 
sheet is rolled. 

9atx. MetaUiaed Screens. Three varieties of 
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semi-reflecting metallized screens may be listed : 
(a) Semi-mat screens comprising either a white, 
smooth, glossy surface, a rough metallized 
surface or, finally, a beaded surface. Whilst a 
mat screen may reflect 70 per cent of the 
incident light, the reflecting power remains 
constant up to about 40® from the axis. These 
screens, up to 30° from the axis, have a superior 
brightness to that of a mat screen (being almost 
double at the centre of the screen). (?) Semi- 
reflecting screens (strictly speaking) having a 
fine-grain metallized surface, the central bril- 
liance of which is greater than that of the 
previous type but which are only of such an 
advantage over a relatively narrow angle. 
{cl Reflecting screens, made up from satin 
aluminium or smooth metallized card, having 
almost specular reflection. They are used only 
for amateur cinematography with low efficiency 
projectors or for stereoscopic projection using 
polarized light. 

The first metallized screens were made by 
pasting silver paper on canvas. Subsequently 
such screens have been prepared by painting 
with aluminium, or by dusting aluminium on to 
a surface covered with an adhesive varnish. 
A metallized screen is efficient over a wjAier 
angle as its surface is less perfectly reflecting and 
of coarser structure (within the limits imposed 
by the necessity of avoiding visible granularity). 
For these reasons a metallized screen is sometimes 
sprayed over with a very thin coat of mat 
varnish or white paint. The suggestion has been 
made of producing, prior to metallization, a 
rough surface by coating the screen with an 
adhesive on which sand, crushed glass, or minute 
glass beads are spread. For the metallic coating, 
by dusting on, talc, magnesia, or even scales of 
boric acid, have been mixed with the aluminium 
powder. 

On account of the marked differences in the 
(!iffusing properties of the various conmiercial 
types of metallized screens, an order for such a 
screen should be given only after making tests of 
samples, so as to judge whether the screens would 
be best in the particular hall where it is proposed 
to use them, and which is most suitable among 
them. The various samples are placed on a 
sheet of fine quality white blotting boards. 
An image is thrown on the composite screen 
thus formed. Then the extreme degree of 
obliquity, for a given screen, may be taken as 
the angle between the line of sight and the 
projecting beam at which the luminosity of the 
screen just matiffies the luminosity of the 
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white blotting card surrounding it (P. Ritter 
von Schrott, 1913). 

As a coating use may be made of one of the 
aluminium paints or an aluminium cellulose 
varnish (preferably sprayed by an air-brush), 
or the following mixture (L. Lobel, 1922). 

In 1,000 ml water, slightly warmed in a 
water-bath, mix — 

Slaked lime 30 g 

Casein 35 g 

Sodium silicate . xo g 

To this mixture add 20 g of whitening, and 
20 g of impalpable aluminium powder. 

For a permanent screen, excellent results have 
been obtained (C. W. Gamble, 1920) by using 
as a screen a st^et of glass not more than J in. 
thick, its front surface being matted with a 
sand-blast, the back surface ^ing silvered. 

922. Translucent Screens. A screen for back 
projection may be a sheet of glass matted by 
sand-blasting, in the case of a fixed installation 
of large size, or a fine metal gauze or muslin, 
stretched on a frame and serving as a support 
for a translucent coating (gelatine, or cellulose 
varnish, holding in suspension a very finely- 
divided white substance such as alumina, barium 
sulphate, etc.). 

An excellent screen is obtained by using 
tracing paper, or, better still, tracing cloth, sup- 
phed in rolls of various widt^ up to about 5 ft. 

Various plastic materials in sheet form are now 
available of which one or both sides are finished 
with a hne-grain mat diffusing surface. 

Plain (uncoated) calico may be used, but it 
must be wetted to increase its transparency. 
For this purpose a florist's syrmge is generally 
used. To prevent the evaporation of the water 
during the lecture, which would entail re- 
spraying, the water should contain about 10 per 
cent of glycerine, or, cheaper, about 10 per cent 
, of the very hygroscopic calcium chloride. 

With too tr^parent a screen (ground glass, 
thin fabric tissues such as cambric or lawn, etc.) 
the projection lens is seen through the screen 
in the form of a bright spot which greatly inter- 
feres with the viewing of the picture. Also the 
angle within which the spectators may be placed 
is then very narrow. 

923. Daylight Screens. Various arrangements 
enkble lectures to be shown in full light on a 
translucent screen. 

We must particularly mention the use, 
between the screen proper and the spectators, 
of a translnoent curtain, either black or dark- 
edoorad, so that no light other than that of the 


lantern reaches the screen except the light 
filtered by the curtain (Isnardou, 1911). It is 
also possible to employ screens of tnmslucent 
plastic material of somewhat dark colour, e.g. 
greenish-grey), the rear surface of which (turned 
towards the Intern) is flat, whereas the surface 
turned to the spectators is ribbed (J. F. R. 
Troeger, 1913). The screen is placed so that it 
receives only a little stray light on its rear 
surface, at least in the direction of the spectators. 
We have seen satisfactory projection on such a 
screen in the open air in very fine weather. 

The Lantern Lecture 

924. The Lecture Hall. When there is occa- 
sion to build or to adapt a hall for lantern work 
it is preferable to select a hall which is much 
longer than it is wide, thus enabling advantage 
to be taken of the metallized screens. It is 
obvious that the size of the screen must be in 
accordance with the length of the hall, but the 
first rows of the audience must, as far as possible, 
be far enough from the screen to prevent it being 
viewed at an angle of more than 50° (i.e. at a 
distance from the screen about equsd to its 
width). If the floor of the hall is level, the lower 
edge of the screen must be at a greater height 
than is necessary with a hall built like an 
amphitheatre, more especially so in a long hall. 
If the seats are fixed, they should be staggered 
from row to row, thus enabling each spectator 
to see the screen between the heads of the two 
people seated in front of him. It is not necessary 
for the first rows to be raised in tiers ; the steps 
need not begin until the fifteenth row. The 
average height of a step is 6 in. In every case it is 
necessary to make sure, by means of a section 
drawn to scale, that the arrangements will permit 
of everyone having a clear view of the screen. 

Unless it is quite impossible, the position of 
the projector should be such that the optic axis 
of the lens cuts tlie screen in its centre ; other- 
wise it is necessary to de-centre the lens (§ 906). 

In many halls the screen is surround^ by 
a wide mat-black border, the drawbacks m 
which outweigh the advantages. The ideal is 
to surround the screen with a grey tint Ulumin- 
ated so that its brightness is al^ut A to ^ that 
of the high-lights of the projectea image mtd 
three times that of its dee^t shadows. 

925. The Illumination oi the Halt It is 
customary to put out all the lights while slides 
are being shown, except for some low-po>irar 
lamps covered with coloured filtra tp indicete 
the exits. It is, however, possible to retain an 
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Ulnmination sufficiently bright to permit of 
note-taking after the eyes have become accus- 
tomed to it. For this purpose only indirect 
lighting from the walls and ceiling must be 
employed, the sources of light and their diffusers 
being hidden from the eye. A slightly yellow 
light (lamps with amber filters or dipped in 
amber-coloured varnish) is generally best. 
Except for the screen, no surface exposed to the 
sight of the audience must have a brightness 
greater than i foot-candle. The illumination of 
a horizontal surface at the level of the spectators 
may be as much as -jij- foot-candle in the front 
rows, then gradually rising to J foot-candle 
in the back rows. These limits may be exceeded 
if the screen is at the rear of a stage and is 
thus protected from the major portion of the 
light scattered by the ceiling and walls. The 
illummation of the entrance passages should be 
regulated so that the spectator is brought im- 
perceptibly from the light outside to the dim 
light of the hall (L. A. Jones, 1920). 

In the most usual case where the lighting of 
the hall is of either full brightness or practically 
nil, it is advisable that the switches should be 
controlled by the projectionist, so as to ensure 
that the lights in the hall shall not be put out 
or dimmed except when the first picture is 
about to be shown. 

926. Optics of Projection— Choice of Focal 
Length — Size of the Projected Picture. The fol- 
lowing two problems may arise in projection 
practice— 

I. It is required to find the focal length of a 
lens covering suitably a screen of given size, 
the projector being at a given distance (the 
distance reckoned from the lens). If, for ex- 
ample, the picture width of the lantern slide is a 
maximum of 3 in. and if the width of the screen 
is 10 ft (x2oin.), the ratio between the image 
on the screen and that on the slide is equal to 
120/3 40. Now, it is known that to enlarge 

an image 40 times (§64), the sharp image is 
formed at a distance from the lens equd to 
41 times the focal length. If, therefore, the 
distance from the lens to the screen is 26 ft, 
the focal length of the lens for complete covering 
of the screen will be 26 x Z2 -r 41 in. = 7*6 in. 
As a rule, it is unlikely that a lens with the exact 
focal len^ requited will be av^ble, and to be 
certain that the projected iinage wiU not ex- 
tend beyond the screen, a lens will be chosen 
wi^thenext|^aterlQc»l]ength,eg.oi|eof8 is. 

a. It is leqidzed to calcmate the distance 
(from a scma of given size) of a projector fitted 


with a lens of given focal length so that the 
projected image may suitably cover the screen. 
The picture width of the slide being 3 in. (as 
above) and the screen measuring, say, yjft 
(go in.), we get the ratio of 90/3 = 30. The lens 
having a focal length of 6 in., it must be at a 
distance from the screen of 31 times its focal 
length, that is. 15J ft. 

927. Communication Between Lecturer and 
Projectionist. In a well-conducted show there 
should be no occasion for the lecturer to address 
the projectionist. The latter should be told 
by signal when to begin showing the slides, when 
to change the picture, or when to interrupt 
projection. In a hall used regularly for lectures^ 
it is best to arrange two bell pushes and three 
wires for working two small lamps clearly 
visible to the projectionist. A white light, for 
instance, for showing a slide, and a red light for 
interrupting the projection. An electric bell, 
arranged to strike once only, or, better, a 

buzzer,” the sound of which is more smothered, 
may be used, one stroke for showing a slide and 
two for an interval. 

Failing these various devices, it is at least 
possible to inform the projectionist of the dif- 
ferent pauses in projection by placing cards. ^,.ut 
to the size of the slides, at the end of each series. 

928. Arrangement of the Slides. The slides 

should be cleaned and arranged in their proper 
order before the lecture. Nothing is so disagree- 
able as the projection of finger-marks or the 
appearance of a picture other than the one 
announced. Care must be taken, when arrang- 
ing the slides, to place all the same way, as 
indicated by the spots, these being placed 
uppermost, so as to be readily seen at the 
moment when they are taken out of the box by 
the projectionist. ' 

Avoid having to ask again for a slide whidi 

S is already be^ through the projector, as this 
ways leads to the showing of several slides 
before the desired one is found, there being 
nothing to single it out. Subjects required 
twice in a lecture should be made in duplio^e, 
or, if not, the slide should be bound with white 
binding strips and distinctly marked, a corre- 
sponding mark being made on a card or cover 
glass pl^d later on in the series. 

When slides have been kept in a very cold 
room or have been carried in very^ cold weather, 
they are liable to become covem with a dew ^ 
when e]q»cfied4o the air ol the hall. It is there** 
fore as well to warm them by putting them , 
racks placed dose to a heating apparatus. 
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929. Placiiig the Slides in the Carrier. As 
previously stated, the image can be projected 
on to an opaque or translucent screen. 

In both cases the slide must be placed in the 
carrier so that the lower part of the picture is at 
the top, i.e. the indicator label in French and 
American slides must be at the top, while the 
spots on English slides must be at the bottom. 
These marks must be turned away from the 
lens when the screen is an opaque one, but they 
must be turned towards the lens when showing 
through a screen. 

Before the lecture starts, the projectionist 
should satisfy himself that the slides handed to 
him bear the spots and that they are all placed 
the same way. The projectionist should always 
have ready gummed spots to mark slides handed 
him unmarked (this work is best done in con- 
sultation with the lecturer), and also pieces of 
gummed black paper to cover up marks which 
have been obviously wrongly placed. Failing 
numbers or other indication, he should ascer- 
tain from the lecturer which is the first slide to 


be shown. The slides must then be placed at 
the side of or below the projector, placed on edge 
in a long box, if possible facing the same way 
as they will be in the slide carrier, so that it 
will be unnecessary to turn them round before 
placing in the carrier. If it is not possible to 
replace them after use in the same box without 
risk of confusion, another box must be provided 
in which they must be put as each one is taken 
out of the projector. A careful projectionist will 
return the set of slides entrusted to him in such 
a condition that they can be shown again 
without any need for rearrangement and 
even cleaning, the slides being never touched with 
the fingers except in the parts covered by the 
masks. 

After the last slide has been shown, the lamp 
must be put out, but as far as possible it is 
necessary to avoid opening the lamp house 
while it is still very hot, or at least it must be 
closed again immediately, so as not to produce 
draughts of air liable to cause cracking of the 
condenser. 



CHAPTER L 
STEREOSCOPY 


General Considerations 

930. The Sensation of Relief. We have already 
seen (§ 33) that the two determining causes of 
the sensation of relief are the dissimilarity of 
the two images seen separately by the eyes and 
the variation in the effort of convergence of the 
two ocular axes. We have also seen that in 



Fig. 50.1 Optics of Stereoscopic 
Photography 


proper circumstances, by viewing two perspec- 
tives of the same object, the two viewpoints 
being a distance apart equal to the separation 
of the two pupils, we obtain the sensation of 
seeing the object in relief (stereoscopic vision). 
Stere^copic relief must not be confused with 
the slight illusion of relief seen when examining 
certain photographs through a large diameter 
lens, or by reflection in a concave mirror. 
This illusion, due to the considerable curvature 
of the field of the virtual image, only occurs 


when the nearer objects occupy the marginal 
part of the photograph (street or lane of trees 
viewed along its axis). 

It is, however, necessary to emphasize at the 
outset that stereoscopic production of relief is 
regulated not only by geometric considerations. 
While these certainly play a primary part, in 
stereoscopic vision, more even than in binocular 
vision, there is also a psychical element in the 
process, the nature of which is imperfectly 
understood. When examining the same images 
in the same stereoscope adjusted each time for 
the best effect, different observers get very 
different impressions of the amount of the 
relief. 

A person having eyes S5anmetrically placed, 
equal and free from aberration, can see rapidly 
and without effort the relief of a stereogram 
(two pictures corresponding to the two images 
as seen by the eyc^s placed side by side) correctly 
mounted and examined in a properly adjusted 
stereoscope. However, the adaptability of the 
eyes plays an essential part in the appreciation 
of very slight reliefs, which are often only 
visible after several minutes' attentive observa- 
tion. 

A person whose eyes are unequal or astigmatic 
sees relief normally if he retains for stereoscopic 
viewing the correcting glasses necessary for his 
ordinary vision. But a subject whose defects of 
vision cannot be corrected (diplopia, strabism, 
etc.) is obviously as helpless as a one-eyed 
individual where stereoscopic vision is con- 
cerned. At the time when stereoscopic photo- 
graphy was introduced into France, none of 
tne members of the Section de Physique de 
TAcad^mie des Sciences were physiologically 
capable of perceiving stereoscopic relief, and the 
principle would have been ofiicially condemned 
had not a member of I’Acad^mie, the chemist 
Regnault, happily endowed with two normal 
eyes, intervened. 

The distance between the centres of rotation 
of the two eyes, equal to the distance from 
centre to centre of the pupils when looking at a 
distant object, varies greatly from one individual 
to another, according to race, sex, and age. 
hs mean value is generally greater for men than , 
women ; in adults it is generally between in. 
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and 3 in. (54 and 76 mm), the mean adopted 
being about 2} in. (63 to 65 mm). 

931. Stereoscopic Photographs. Two photo- 
graphs T and T of the same object ABCD 
(Fig. 50.1) are taken under the same conditions 
from two points of view 00 ' (separated by a 
distance equal to the mean inter-ocular dis- 
tance) simultaneously, with two identical lenses 
on two plates similarly situated, or in succession 
after shifting the camera parallel to the plane 
of the plates. From the two negatives T and 
T are taken two positives T, and T/, and, the 
eyes occupying the position previously occupied 
by the lenses, each positive is placed opposite 
the eye to which it corresponds at a distance 
OPj, O'P'i equal to the principal distance OP, 
O'P'. It is necessary to give the principal points 
PP' a separation equal to the separation 00 ' 
of the lenses and the eyes; the image of each 
point is then situated on the visual ray through 
the point in question. 

Examination of one of these photographs by 
the corresponding eye (the other being closed) 
will give, from the point of view of perspective, 
the same sensation as the object itself. The 
simultaneous examination of two images will 
give us the sensation of shape, size, and position 
which we perceive in examining the object 
itself, the reconstructed object being identical 
with the object photographed. A transparency, 
being of better gradation and easier to illuminate 
than a paper print, always gives a more perfect 
illusion. 

932. Limits of Perception of Binocular Relief. 
An observer, viewing a point A situated in front 
of a plane P (Fig. 50.2) and closing alternately 
the two eyes, sees the point A projected alter- 
nately at Ug and a^. Binocular vision shows us 
the point A detached from the plane P if the 
distance a (= aga^ is at least equal to the limit 
of resolution of the eye at the distance in ques- 
tion. 

Taking 1/2,000 radian as the mean sharpness 
of vision and 2\ in. as the mean separation of 
the ey^, and calling d' and d' the distances of 
the point A and the plane P from the observer 
fall distances being measured in inches), 
from the similar triangles AOgO^ and AugAg^ 
we get 


a 

2-5 


d'-d 

d 


whence 



and since, at the limit, a « d' 12,000, we find 


for the distance of a point A from the back- 
ground P 

4/ £ 

\ I -f 0*0002/4' 


The zone of depth d' -d in front of a plane in 
which all objects appear to be in the plane P 
is sometimes termed the neutral zone, and the 



Fig. 50.2. ZoNBS in Binocula.r 
Viewing 


depth d, measured from the observer in which 
binocular relief can be appreciated, the efficient 
zone. The following table gives the depth of the 
efficient zones and neutral zones for various 
distances of background — 


Distance of 
background. 
Metres 

Depth of efficient 
zone. 

Metres 

Depth of neutral 
Sbne. 

Metres 

I 

0-992 

0-008 

3 

2-93 

0-07 

10 

9-28 

0-72 

30 

24-4 

3*6 

100 

56*5 

43-5 

300 

90-7 

209-3 

1,000 

115 

883 

00 

130 

00 


933. Increase in Range of Stereoscopic Rdlef. 
There are two ways of extending the limits of 
perception of relief and of decreasing ttie depth 
of the neutral zones. 

By the use of a binocular system (binocnlari, 
field glasses) magnif jdng h tistts 
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an angle n times as small. At great distances 
the depth of the neutral zone is thus reduced 
to i/n its original depth, and the sharpness of 
vision of relief is n times as great. 

By the use of a system of mirrors mm, MM 
(Fig. 50.3) of the telestereoscope of Helmholtz 
(1857), which enables an observer to use as 
viewpoint instead of his eyes at OgO^ two virtual 
eyes OgO^, m times as far apart, the distance 
between the two projections of the same point 
on the background (§ 932) is increased m times ; 



Flo. 50.3. Mirror Tblbsterboscope 
(Helmholtz) 

this reduces the depth of the neutral zone to 
i/m of its original value and gives a power of 
I^rception of relief m times as great. 

These two methods put in &e place of the 
object examined a virtual object similar to the 
object itself, and situated in the efficient zone 
of perception of relief. In the case of the 
telestereoscope the visual rays used coming 
hrorn the object ABCD appear to come from the 
object abed, forming a model reduced in the 
ratio x/m and situated at a distance from the 
obaorver equal to ijm of the distance of the 
object in question. In pri»n binoculars and 
^eoscopic rangeffiidets these two methods of 
increaidng rdief are combined, the reducticm 


of the apparent dimensions of the object viewed 
is usually compensated in the rangefinder by 
making the magnification at least equal to the 
ratio of the distance apart of the objectives to 
the distance apart of the eyepieces. 

The same means can be used to increase the 
intensity of relief in the examination of stereo- 
scopic photographs and extending the range of 
the stereoscopic vision. 

In general it would be fruitless to attempt to 
augment the power of separation by examining 
photographs under high magnification, but one 
can at least examine at short distance photo- 
graphs taken at great distance, bearing in mind 
that under these conditions the reconstructed 
object is no longer similar to the original, but 
is a deformation of it (§ 29 and § 939). 

% 


!LXU\ 



Fig. 50.4. Stereoscopy with Widely 
Separated Viewpoints 


^ Increase of the base (distance apart of the 
two viewpoints or stations) is the most usual 
means of reproducing stereoscopically objects 
situated outside the range of stereoscopic vision 
whatever the distance of the objects from Jffie 
observer may be. Stereoscopic photogr^hs 
have been obtained of the satellites of Jupiter, 
and even of stars, with bases of enormous 
length obtained by using the natural displace- 
ment of viewpoint due to movement of the 
earth in its orbit. Bases of the order of a mile 
are frequently used in a^al photography at^; 
high altitude/ Bases up to 100 y^rds are used 
on the earth to obtain stereograms for the con<f , 
stniction of maps. 
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This process is usually known as stereoscopic 
photography with a large base ; also under the 
name, incorrect in our opinion, hyperstereo- 
scopic photography. 

Take two photographs T and T' of a distant 
object ABCD (Fig. 50.4), the camera being 
moved horizontaJiy in a direction parallel to the 
plate between the two 
exposures. The lens thus 
passes from the position 
0 to the position 0 ' such 
that 00' is m times the 
separation of the eyes. 
Each of the prints 
and observed with 
one eye occupying the 
position of the corres- 
ponding viewpoint will 
give us the same sensa- 
tion as that experienced 
in observing the object 
directly from the corres- 
ponding position. 

Place the two photo- 
Fio. 50.5. Transposition graphs side by side, 
OF THR Stereoscopic taking account of their 
orientation (left and 
right), and separate their principal points by a 
distance equal to the mean distance ^tween the 
eyes ; and examine the result in a stereoscope, 
the eyes be^ placed at 0 and 0" opposite the 
principal points at a distance from them equal to 
the principal distance. We shall then experience 
the same effect as we should obtain by viewing 
direct the object ahcd, which is a reduced model 
of the object ABCD in the ratio ijm and situated 
at a distance m times as near. Photographs of 
this reduced model taken from the positions 0 
and 0 " would give exactly the same effect as 
photographs of the real object ABCD taken 
from positions 0 and O'. It is easy to verify 
this fact by the following reasoning (G. Cor- 
donnier, 1931) : if the projections of the optic 
axes (in the position as when taking a photo- 
graph) be drawn on the ground, these two lines 
will appear at the separation oi the eyes when 
examined stereoscopically because each of these 
lines occurs in the same vertical plane as the 
axis of the corresponding ocular; the entire 
landscape is clearly reduced in the same pro- 
portion. 

934* Starepsoopk Tranqxmition. In the usual 
practice of amateur stereoscopic photography, 
the two negatives of the stereoscopic pair 
are taken simultaneously on the same plate 


in a camera fitted with two lenses and 
divisions. 

In all cases when a stereoscopic camera 
utilizing a single plate is used for two successive 
exposures, for jiotographing very distant or 
very near objects, it is easy to register the two 
images in such a way that the negative does not 
require transposition. It is only necessary to 
take the left-hand view with the right-hand 
lens, and vice versa, the distance moved 
between the two exposures being thus increased 
by the distance between the lenses. 

It can easily be seen (Figs. 50.1 and 50.5) that 
in order to place before each eye in its correct 
position the image corresponding with it, it is 
necessary to separate the two images, turning 
each through 180® to compensate for the rotation 
through 180® suffered by each in the camera. 

Instead of cutting the positive transparency 
and then transposing the images, it is better 
to print in two stages (Fig. so.b), printing on the 
right half of the plate the right-hand image 
which appears on the left-hand side of the 
negative viewed in the normal way, and then 
on the left half of the plate the left-hand image 
which appears on the right side of the negative. 
The name “ reversing frame " by which the 
printing frame used in this transposition is 
known, and the instructions which accompany 
its description in some catalogues, have led 
some photographers to imagine that for correct 
vision of a stereoscopic pair one must present 



Fig. 50.6. Transposition in Stereoscopic 
Printing 

the image formed by the right-hand lens to the 
left eye, and vice versa, whereas the transposition 
is made solely for the purpose of placing the 
left im^e before the left eye. Without this 
precaution, the left image would appear in 
front of the right eye, and vice versa. 

935. Pseudoscopic Pairs. When two perspec- 
tives of a geometric solid are viewed in a stereo- 
scope, the left perspective being presented to 
the right eye, and vice versa (e.g. the two draw- 
ings of a dodecahedron reprMuced in Fig. 
50.7), the faces which in normal vision appear 



Positive (direct) 


Positive (transposed) 
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in front will appear behind (and vice versa), the 
reconstructed solid being thus the inverse of the 
original object, the reliefs appearing as hollows 
and the hollows as reliefs. This phenomenon is 
generally known as pseudoscopy. 

If a pair of stereo photographs whose images 
have not been transposed is examined in the 
usual way (e.g. if the pair consists of the two 
images produced in a stereoscopic camera fitted 
with two lenses), an analogous phenomenon 
tends to occur, but very often the stereoscopic 


point or from two points insufficiently separated 
relative to the distance of the object, obviously 
cannot give a stereoscopic effect, for there is 
no variation in the convergence of the optic 
axes when objects at different distances are 
examined. 

When one of the negatives of a stereoscopic 
pair is useless, an amateur will sometimes take 
two prints from the good negative, making what 
is known as a planoscopic pair. The viewing of 
such a pair in the usual stereoscopic manner. 



Fig. 50,7. PsBUDoscopic Relief 


effect is opposed to the perspective, and some- 
times even contradicts common sense, an object 
partially masking another often appearing 
behind the object it hides. 

There are, however, cases where the inversion 
of relief by the examination of pseudoscopic 
pairs affords a useful control of deductions made 
from stereoscopic photographs by eliminating 
the effects of auto-suggestion in the percep- 
tion of shape. Such is the case, for example, 
in radiography, where pseudoscopic vision may 
be used to reverse the perspectives, thus bringing 
the further objects to the front for examination. 

If an object A is four times as far from the 
observer as a similar object B at the time of 
taking the pjhotographs, its image will be one- 
fourth the size of that of B. In pseudoscopic 
examination A appears four times nearer than 
B, where it becomes four times as large as B; 
as it is, on the contrary, four times smaller 
than B, it will appear to be sixteen times 
sm^er than B ; the size attributed to objects 
varies, therefore, as the square of their dis- 
tances (£. Colardeau, Z916). 

936. Planoscopic Pairs. Two identical pers- 
pectives, whether taken from the same view- 


each eye occupying the viewpoint of one of the 
images, which is merely the normal condition 
of monocular vision of a photograph (§ 26), often 
gives a certain appearance of depth ; it is not 
comparable with the true stereoscopic effect, but 
sufficient to cause a planoscopic pair to pass 
unnoticed by an inexperienced eye in a series of 
stereoscopic pairs. 

Geometrical Considerations ; Deform- 
ation OF THE Reconstructed Object 

937. Corresponding Points — Variations of 
fheir Separation. The pairs of points appearing 
one in each image of a stereoscopic pair and 
corresponding with a single point in the object 
are termed homologous (corresponding) points. 

Consider (Fig. 50.8) two photograjffis T and 
r' taken from two points S and S\ the optic 
axes SP, S'P' being parallel and perpendicular 
to the base SS ' ; the images T and T are in the 
same plane, which we will assume vertical, the 
optic axes being then horizontal. The two 
images rr* of a point R at infinity appear at a 
distance rr' apart equal to the distance PP' of 
the two principal points and the distance 55 ' of 
the viewpoints. 


536 


PHOTOGRAPHY: THEORY AND PRACTICE 


The two corresponding points aa! of a point 
A at finite distance are farther apart. Draw a 
line through S parallel to S'a\ cutting the picture 
T in a " ; the length aa'' represents the variation 
of separation of corresponding points in pass- 
ing from a point at infinity to the point A in 
question. 

Denote the length of the base SS' by h \ let 
F be the common principal distance of the two 
perspectives (equal to the focal length if the 
camera is focused for infinity) ; d is the distance 
from the point A to the base SS\ and e the 
increase of separation of the corresponding 



Fic. 50.8. Gsomstry of Corresponding Points 


points. From the similar triangles SAS' and 
aSa” we get the relation e = hFjd ; wc thus see 
that the increase in separation of the correspond- 
ing points in posing from a point at infinity to 
a point at finite distance (the increase being 
measured on the negatives in the same position 
as when recording the images) is proportional 
to the distance apart of the viewpoints, to the 
principal distance, and inversely proportional 
to the distance d (§ 63) of the points considered. 
It will ^ noticed that the value (6 -f e) of the 
separation of corresponding points is constant 
for all points in the plane AC, which passes 
through the point A and is perpendicular to the 
optic axes; its value will be smaller for more 
dutant planes and grater for planes nearer the 
camera* Conversely, in a stereoscopic pair taken 
under normal conditions, all corresponding 
paints having the same separation correspond 


with points in the object situated in the same 
front plane. 

On transposition, the differences of separation 
between corresponding points on the positives 
r, and retain the same values, but in the 
inverse sense ; the nearer the object point was 
to the observer, the less the separation of the 
corresponding points, which causes the variation 
of convergence of the optic axes in the same 
sense as when the object itself is examined. 

938. Parallax. The angle subtended by the 
base at the point i 4 , SilS' (Fig. 50.8), is termed 
the parallax of the point A. Notice that there 
is no relation between the parallax and the 
separation (or variation of separation) of cor- 
responding points. We have seen that this 
separation is constant for all points of the space- 
object in the same front plane, whilst the paral- 
lax is constant for all points of the space-object 
situated on the circumference of a circle drawn 
through the points S, A, and S\ and thus for 
all points on the surface generated by the 
rotation of the circle about the base SS\ 

Considerations of parallax are of little im- 
portance in stereoscopy, and the subject is 
only mentioned here owing to the confusion 
which sometimes arises between it and the idea 
of separation of corresponding points in the 
minds of many students of the subject. 

939. Deforinatiom of the Reconstnicted Object 
Due to the Circumstances in which tiie Photo- 
gr^hs are Taken. In the various cases hitherto 
considered we have always assumed the images 
of the two perspectives to be in the same plane, 
and the optic axes perpendicular to this plane, 
and therefore parallel. Under these conditions 
the reconstructed object is similar to the object 
itself if viewed correctly in the stereoscope. 

It has often been suggested that for stereo- 
scopic photography the axes of the two lenses 
should conveige on to the point of interest in 
the subject to be photographed, in the same 
way as the eyes converge on an object, lliis 
reasoning by analogy is unsound, since it 
neglects an extremely important difference 
between the eye and the photographic plate, 
the retina being approximately spherical whilst 
the plate is flat. The fact that the two images 
are generally brought into the same plane for 
viewing causes, on one hand, a disa^eement 
which, in the part of the field commQn to the 
two images, prevents their stereoscopic lu«ycm 
to some extent, and, on the other hand, in the 
parts where this fuuon is possible, oocanoits a 
dalormaticm of the moonstructed object 
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It is easy to show geometrically,^ and to 
verify it experimentally, that all the points on 
a cylinder, generated by a vertical, having for 
directrix the circle drawn through the two view- 
points and the point of convergence of the axes 
(sometimes called the horoptic circle) appear, 
when viewed stereoscopically, to be situated in 
a front plane. Points inside the horoptic cyhnder 
situated on certain ellipses (or more exactly on 
cylinders having the ellipses for directrices) 
containing the two viewpoints, and having their 
major axes parallel to the base, appear also in 
front planes, as do also points outside the horop- 
tic cylinder situated on eUipses containing the 
two viewpoints and having major axes per- 
pendicular to the base; ellipses of which the 
curvature is greater the greater their distance 
from the base, appear dso in front planes. 
Conversely, points located on front planes 
appear to be situated on convex cyhnders of 
greater or less curvature according as the dis- 
tance from the base is greater. 

At least one case can be cited in which 
stereoscopic photography is only possible by a 
geometric method equivalent to photography 
with converging cameras. Stereoscopic photo- 
graphy of the moon is only possible owing to 
the lihration of that body, i.e. a periodic oscilla- 
tion exposing on each side of the mean edge a 
narrow strip of about 8®. The pair consists of 
two photographs taken at the two extreme 
phases of this libration. The exaggeration of 
relief which results from the convergence of 
the axes towards the centre of our satellite is 
compensated for (§ 940 — I) by the fact that the 
images are always viewed at a much smaller 
distance than the principal distance (equal to 
the focal distance of the telescope used). 

Another deformation occurs if the optic 
axes, through remaining parallel, are not per- 
penchcular to the base ; the two pictures are then 
not in the same plane, but in parallel planes. 
This condition is often produced accidentally 
when taking stereoscopic natives by two 
sucoessive exposures o! a single camera by 
displaoement. This does not occur if the neces- 
sary precautions are taken to ensure the correct 
placing of the camera in the two positions. This 
condition occurs frequently in aerial photography 
when the optic axis is not exac^y vertical, 

^ The reader interested in the various deformations 
arisiag from anomalies in the circumetances in which 
ttereoscoplc pictures are taken or viewed will and a 
mathematicSBl stndy of these defonnatioiis in depltso- 
Hom 4$ la PkoiigMhU by t. P. Clerc (wis, 

xeae). Part ZV, Chapter V. 


and the photographs are taken at the same 
altitude; or, if the optic axes are vertical, 
it may occur if the pictures are taken at different 
altitudes. 

In this case there appear as front planes 
(relative to the direction of the optic axes) 
inclined planes, of which the inclination is equal 
and opposite to that of a plane drawn through 
the two viewpoints perpendicular to the plane 
which contains the optic axes (strictly, these 
surfaces are the surfaces of parabolic cylinders 
with such small curvature that they can 1^ 
regarded as planes, even when extended over a 
considerable held). 

940. Deformations of the Reconstructed Object 
in .Stereoscopic Viewing. Various deformations 
arise when examining a normal stereoscopic pair 
under abnormal conditions. These deformations 
are the same as those which appear in monocular 
examination of a perspective when the eye is 
not placed at the viewpoint (§ 28), but with the 
sensation of a quasi-materialization of the 
deformed object owing to the binocular vision. 

1. The most frequent deformation is that 
caused by viewing a stereogram with the eyes 
placed at a distance other than the principal 
distance from the photographs. The dimensdcuis 
in depth then appear either compressed or 
extended, relative to the transverse dimensions, 
according as the distance of viewing is smaller 
or greater than the principal distance. If one 
considers an object whose depth is only a small 
fraction of the distance at which it is examined, 
close or distant examination increases or de- 
creases the apparent transverse dimensions 
without increasing the relief; for example, a 
cube resting on a table with one of its faces 
perpendicul^ to the direction of vision appears 
as a rectangular parallelopiped with a square 
base when viewed at a distance other than the 
principal distance. The thickness of the solid 
tnus formed is invariable, but the dimensions 
of the front and back faces appear greater the 
smsdler the distance from whi^ it is examined. 

2. Assume that the eyes are placed at a 
distance from the stereogram equal to ^he 
principal distance, and the line joining the 
principal points is equal and parallel to the line 
joining the centres 01 rotation of the eyes of the 
observer. Assume also that the eyes do not 
occupy the viewpoints (decentring of the eyes 
rekitive to the stereogram) . The difterent planer, 
of the object thus fanned slide on one another 
without alterii^ their resj^tive distances, the 
ob>ect thus su£ring a twist such that lines ql 
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the object perpendicular to the plane of the 
stereogram appear as oblique lines parallel to 
the lines joining each eye to the corresponding 
principal point. A cube photographed under 
the same conditions as in the preceding case will 
appear as a parallelepiped with square base but 
having four edges parallel to the direction in 
which the principal points are viewed. The 
two deformations considered above are parti- 
cularly easy to obtain during a demonstration 
of stereoscopic projections (§973) or in the 
examination ol anaglyphs (§951). when one 
moves relative to the screen or picture. 

3. Much more serious deformations occur 
when the separation of the principal points of a 
stereoscopic pair is not equal to the separation of 
the eyes of the observer. When the examination 
is effected by means of an optical instrument, 
the principal points themselves must no longer 
be considered, but the principal points of the 
virtual images formed by the instrument used. 
If the separation of the eyes is greater than that 
of the principal points, a cube photographed 
as in the preceding case will appear as a species 
of the trunk of a pyramid seen from its larger 
end, and of smaller depth than the actual 
cube. Conversely, if the separation of the eyes 
is smaller than that of the principal points, 
the reconstructed solid will be a kind of p5a-a- 
mid trunk seen from its smaller end and of 
greater depth than the cube. In both cases the 
scale of depth is affected ; an object plane drawn 
half way between the front and the back face will 
appear, in the first case, nearer the back face, 
and, in the second case, nearer the front face. 

The three deformations which we have con- 
sidered can be understood by imagining the 
visual rays to be replaced by elastic thread, so 
that in registering the elementary perspectives 
and in viewing the pair these threads are all 
the time attached to every point of the per- 
spectives, and follow the eyes of the observer in 
ail positions. 

It is obvious that several conditions of viewing 
a stereoscopic pair may be violated at once ; the 
resulting deformation is the sum of the elemen- 
tary deformations. 

94X. Consider a stereoscopic pair viewed 
tin^ the correct conditions, and suppose each 
image turned through the same angle about its 
principal point. If the reliefs of the recon- 
stmctkl objects are feeble relative to the 
distance of me object itself, stereoscopic vision 
temains possible, but the relief diminishes more 
and more until it vanishes at a rotation of 90^. 


After this, it gives a pseudoscopic effect of 
increasing intensity until a rotation of 180'’ is 
obtained! the same phenomena then repeat 
themselves in inverse order. 

Such anomalies obviously cannot occur in 
subjects where vertical lines appear, but every 
precaution must be taken to avoid it in the case 
where there is nothing to give a sense of depth 
in one of the pictures by itself ; this is often the 
case in various scientific or technical applications 
(aerial photographs taken vertically, astronom- 
ical subjects, photographs of fossils, anatom- 
ical preparations, photo-micrography, etc.). 

942. Range of Stereoscopic Vision. By reason 
of the aberrations of the lens and the grain of 
the photographic image, the values previously 
calcidated (§932) for the range of direct bino- 
cular vision cannot be used in the case of 
stereoscopic photographs taken from a base 
equal to the separation of the eyes. The values 
cdculated for the extent of the effective zones 
are the maxima, whilst those for the extent of 
the neutral zone are the minima. 

In the most favourable circumstances the 
range of stereoscopic photography is not as 
much as 80 yd. When using objectives of short 
focal length and rapid emulsions with pro- 
nounced grain, the stereoscopic range sometimes 
does not exceed 16 yd. This is why it is usual, 
in stereoscopic photography of landscapes, to 
include in the field a near object serving to 
enhance the sensation of relief, in the manner of 
a material foreground in a diorama. 

These ranges are obviously very different 
when the base is smaller or larger than the 
separation of the eyes. If, for example, a pair 
taken from the two extremities of a base of 
length B with a principal distance F is examined 
at a distance / from the pair (or with eyepieces 
of focal length /), variation of separation between 
the pairs of corresponding points of two objects 
situated respectively at distances d and d* is 


<-'■-*'^ 1 - 3 ') 

so that, for corresponding points of the recon- 
structed solid to appear at different distances, 
it is sufficient that the variation (e > $') is greater 
or equal to the limit of separation f/2,000, then 

i." \-I— 

d d'/ 2000BF 


or 


8000 + 
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Taking, for example, the values 

/ = 10 cm F = 50 cm B = 200 m 
we find as range 2,000 kilometres and as depth 
of the neutral zone 2 metres to 2,000 metres, or 
0'5 metres to 1,000 metres. The value F/2,000, 
chosen arbitrarily for the resolving power of 
the plate, would correspond here to the separa- 
tion of images less than in., a condition 
only realized with slow plates, such as are used 
in map surveying by stereoscopic methods 
from stations on the ground. 

It will be noticed that if the distance from the 
background remains the same, the extent of the 
neutral zone is constant if, all other conditions 
remaining the same, the product BF of the base 
and the principal distance is a constant. To 
obtain at different distances d' stereograms of 
the same power (same extent of neutral zone) 
the product BF must be varied proportionally 
to the square of the distance d'. 

943. Normal and Exaggerated Relief. The 
relief perceived in the viewing of the stereogram 
of a very distant object or an object of micro- 
scopic size is often said to be exaggerated. But 
without this exaggeration it would be useless; 
our eyes would not be able to percei>fe the relief 
of a distant range of mountains, or of the ground 
as seen from an aeroplane, or of a microscopic 
preparation. 

An object a, m times as small as an object A, 
and situated m times as near, gives a sensation 
of relief m times as great, and it is here that the 
large bases become useful in stereoscopy. 

If it is correct to say that, under certain condi- 
tions, the sensation of relief is much more pro- 
nounced, it is not correct to speak of exaggerated 
relief when the reconstructed object is similar 
to the object itself, the stereogram being viewed 
under normal conditions. 

One should avoid as far as possible the use of 
the expression exact relief. If under certain 
conditions we can obtain a stereogram which, 
correctly viewed, suggests perfect similarity 
between a relatively thin object and its image, 
objects situated nearer or farther from the 
observer will not give this sensation of similarity ; 
the relief will be increased for near objects, and 
weakened for distant objects. We know, besides 
this, that the stereoscopic sensation varies from 
one individual to another. 

The Examination of Stereograms : 

Stereoscopes 

944* Viewing Steieograiiis with the Naked 
Eye. By making the axes of the eye diverge, 


some people can view normal stereoscopic pairs 
with the naked eye, provided the distance 
between the principal points is little different 
from the separation of the eyes. Such viewing 
is made easier by holding a piece of cardboard 
between the two pictures perpendicular to their 
common plane. 

It is generally easier by squinting, so that 
the axes of the eyes converge, to see in relief a 
pair which, when viewed normally, has the 
characteristics of a pseudoscopic pair, the left 
perspective being on the right, and vice versa. 



Fig 50.9. Si'EREOscoPE Binocular 
(Buguet) 


This kind of viewing is made easier by holding 
a mask at some distance from the eyes, only 
allowing one eye to see the single image which 
corresponds to it (Elliott and Waterston, 1857). 

For example, to view at about 10 in., the two 
perspectives of the regular dodecahedron repro- 
duced in Fig. 50.7 (M. Miet, 1921) one must hold 
at about 4 in. from the eyes a card with an 
opening of about ijin. square. Owing to the 
convergence of the ocular axes, the recon- 
structed solid appears to be situated practically 
half way between the plane of the pair and the 
eyes. This object appears much smaller than 
either of the images viewed from the same point 
with monocular vision, after removing the 
mask. 

Examined with a binocular stereoscope (Fig. 
50.9), this same drawing appears to be a dode- 
cahedron, but not regular, in which the near 
faces will be those which appeared farthest 
when examined with the naked eye. 

Remember, however, that the viewing of a 
stereogram with the naked eye by divergence or 
convergence of the ocular axes is a great strains 
so that it is impossible to make a complete study 
of a series of stereograms or to examine more 
than a few at a time. These two methods of 
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viewing were suggested by Wheatstone (1838), 
who, in the first case, recommended the use of 
two tubes directed towards the principal points 
of a stereogram, the separation of these points 
being reduced. 

945. Stereoscopes with Convergent Eyepieces. 
Most of the stereoscopes used for amateur 



Fig. 50.10. Path of Rays in Bugubt 
Binocular Stereoscope 

stereoscopy and for some scientific and technical 
applications are derived from the prismatic lens 
stereoscope of Sir David Brewster (1844). In 
its original form this instrument us^ as eye- 
piece two convergent lenses having their (^tres 
outside the centres of the two eyes (often r^uc«d 
to two half-lenses), the separation of the centres 
being about 25 pCT cent greater than the separa- 
tion of the eyes. Under these conditions one 
can vkw without fatigue a stereog^ in whidi 
the separation of the principal points is about 
15 per cent greater than the separatimi of the 
end may thus reach about 3 in. If the 
virtiial image given by each of the eyepieces 


were always at infinity, the adjustment being 
made instinctively by an observer with normal 
eyesight, the separation of the principal points 
would equal the separation of the ocular axes. A 
" binocular stereoscope is represented in Fig. 
50.9 (A. Buguet, 1891). This is the simplest form 
of stereoscope, useful for examining stereograms 
printed in a book or periodical. In Fig. 50.10 the 
paths of the rays are indicated in such a stereo- 
scope, for the case of a near point of the recon- 
structed object (the ocular axes are convergent). 

The eccentricity of the eyepieces increases the 
inevitable aberrations met with in the use of 
uncorrected or partially corrected lenses, the 
more so since the lenses must be of the shortest 
focal lengths compatible with covering the wide 
angle of the field ; and the shorter the focus the 
greater the aberrations due to the eccentricity 
of the eyepieces. It is therefore an advantage 
to have a stereoscope in which the separation of 
the eyepieces can be adjusted. 

Some years ago cameras giving images farther 
apart than the mean separation of the eyes were 
almost completely abandoned in amateur stereo- 
scopy. Under these conditions the separation 
of the principal points is equal to the mean 
separation of the eyes, and the eyepieces can 
generally be centred relative to the eyes. How- 
ever, individuals having eyes abnormally close 
together require the eyepieces farther apart 
than those adjusted for eyes having a separation 
at least equal to the mean. Further, an observer 
unaccustomed to stereoscopic viewing can 
accommodate his eyes more easily to eyepieces 
having a greater separation than those which 
will suit him, after he has had some practice in 
stereoscopic viewing. For these two reasons 
stereoscopes are to be preferred which include 
the means of regulating the separation of the 
eyepieces, besides the usual power of making 
the images coincide. 

It is not unusual that a person unaccustomed 
to stereoscopy, to whom you give a stereoscope 
not adjusted to his eyes nor to the separation 
of his pupils, declares after a few seconds that 
he sees much better by closing one eye, bis 
attempts to adjust the eyepiece having been 
haphazard. To adjust a stereoscope one must 
first adjust the focus by closing one ^ lor 
an instant, and then, with both eyes open, 
adjust the screw governing the separation of 
the eyepieces (by a rod canyii^ a thread cut 
so as to move each ejjepiece in the opposite 
direction) until the two images coincide without 
tlie least effort of convergence of the 
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These trials are usually avoided if the separation 
of the eyepieces is made about |in. greater 
than the separation of the eyes. Stereoscopes 
intended for the use of unaccustomed observers 
may be graduated to indicate the separation of 
the eyepieces. 

We cannot go into all the variations met with 
in practice, and must refer the reader to the 
catdogues. However, we may mention the 
stereoscope in conical box form, which is 
excellent for viewing transparencies and, by 
adjusting a movable shutter fitted with a mirror, 
also for the viewing of stereograms on paper. 
Interesting effects may be obtained by removing 
the ground glass used as diffuser, which forms 
the back of the stereoscope, and using a diffusing 
reflector, e.g. plates of mat metal, tinted papers, 
etc. (G. Cromer, igig). There are also the 
simplified stereoscopes used for paper prints, 
automatic stereoscopes with metal fiames for 
the pictures mounted on endless chains (of 
which some models do not function until a 
coin is placed in the slot), stereoscopes for films 
run from one spool to another, and the cabinet 
stereoscopes with interchangeable magazines 
(made about igoo) in which one picture is 
substituted for another by pressing a lever. 

946. Complementary Stereoscope. The essen- 
tial condition for the reconstructed object being 
identical with the objects itself is that each of 
the images is seen at a distance equal to the 
principal distance, or at least by means of an 
eyepiece of focal distance equal to this principal 
distance (§28). The focal length of the eye- 
pieces is not marked on stereoscopes; it may 
be found with reasonable accuracy (especially 
when the eyepieces consist of achromatic plano- 
convex systems having the convex side facing 
the images) by using the stereoscope as a camera 
to focus a chstant object on its ground glass 
screen; the focal len^h is then the distance 
from the pole of the eyepiece to the screen. 
When one restricts oneself to the photography 
of distant objects, the principal distance is 
practically equal to the focal length of the 
objectives used to take the photographs, and 
the above condition is then satisfied if the 
eyepieces of the stereoscope have the same focal 
length as the objectives of the camera; it is 
said then that the stereoscope is complementary 
to the camera used. Placing a stereogram in a 
complementary stereoscope, and pishing one- 
self at the actual viewpoint, one eye looking into 
the stereoscope and the other looking dmsctly 
at the view, the two imagd^ are very nearly 
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of the same dimensions, and can usually be 
combined. 

The general practice in stereoscopy is to fit 
the camera with lenses of very short focal length, 
and it is sometimes difficult to fit the stereoscope 
with such short-focus eyepieces, owing to their 
higher cost. The greater curvature of such 
lenses compels the use of a smaller number 
at once ; the field is limited owing to the con- 
siderable thickness of the edges, and also to the 
distortion of the marginal regions. Thus the 
eyepieces of stereoscopes are frequently of 



Fig. 50.11. Wheatstone Stereoscope 


greater focal length than the camera lenses, 
resulting in exaggeration of the foreground and 
deformation of the reconstructed object, and 
tending to give the effect of theatre scenery in 
successive planes. 

When the difference of focal length is not con- 
siderable one can often add an auxiliary lens 
(§ 1 17) to each eyepiece of the stereoscope, the 
power necessary being the difference of powers 
(§§ 63 and 70) of the camera leris and stereoscope 
lens. In like manner a stereoscope having lenses 
q^ too short focus can be corrected by means 
of a divergent auxiliary lens. Meniscus lenses 
of diameter equal to the stereoscope lenses are 
chosen for preference, and are introduced into 
the mounts. They are kept out of contact with 
the stereoscope eyepieces by means of cardboard 
rings of sufficient thickness, and placed next 
to the eyes with their convex faces outwards 
(C. Sdhitz, 1914). 

947. Stereoscopes Using Sy mm etr i cally«plaoed 
Mirrm The stereoscope of C. Wheatstone 
(1838) employed only two mirrors, M and M' 
(Fig. 50.11) at right angles, and placed at 45® to 
Ute dvecrion of vision. Ihe two photographs 
constitutmg the pair are represa:ited by AB; 
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A*B\ parallel to the plane bisecting the two 
mirrors. Under these conditions the eyes 0 and 
O' see at i 4 |B, and the reversed images of 

AB and A'B\ two homologous points n and n' 
being seen respectively at Mi and Mi and giving 
thus the illusion of a point N, of the recon- 
structed object at the intersection of the rays 
Oni and O'fij'. The necessity of using reversed 
images has somewhat reduced its popularity, in 



'i 

N, 


Fig. 50.12. Two~mirror Stereoscope 
(Cmcs) 

spite of the fact that there are no limits to the 
size of the photographs which may be viewed. 

Inspired by the telestereoscope of Helmholtz 
(§933), L. Ca^s (1895) made a stereoscope using 
two pairs of mirrors, mtn\ MM' (Fig, 50.12), 
to viewing stereograms of large size having the 
pictures placed side by side in the same plane. 
The ** virtual eyes OjOj' are brought each time 
opposite the principal points PP' (their separa- 
tion may vary from 5 in. to 20 in.) by sliding 
the mirrors MM' on rails RST (graduations on 
the rails enable one t6 make sure the mirrors 
are S3^mctrically placed). The whole instru- 
ment is carried on an extensible vertical column 
to ensure equality between the distances OiP, 
OiP', and the principal distances of the per- 
^ectives (up to 25 in.) . Converging or diverging 
lenses may be placed in front of the eye mirrors, 
to regulate the apparent distance of the fore- 
ground, according to a table on the instrument. 
The effort of accommodation imposed on the 
eyes is then equal to the effort of convergence 


when viewing the object direct. The geo- 
graphical service of the French army (1923) 
worked out a combination of this stereoscope 
with a prism binocular, for examining aerial 
stereograms, giving a magnification of about 
3-5. Combinations of one or other of these 
types of mirror stereoscopes with light boxes 
(negatoscopes) are used for examining stereo- 
scopic radiographs. 

There is dso, of this type, the stereoscope of 
C. Pulfrich (1904), carrying in front of each eye 
a prism of quadrilateral section, of which two 
adjoining faces reflect successively the pictures 
to be examined. The pictures are inclined at 
an ^le of about 120^, their planes intersecting 
behind the observer. 

948. Stereoscopes Having Two Reflectors in 
Front of One Eye. It is clear that one of the 
images of a stereoscopic pair can be viewed with 
the naked eye. and the other after reflection in 
two parallel mirrors suitably placed to enable 
fusion of the two images. This fusion is only 
possible on the condition that the path of the 
rays between the two reflecting surfaces is 
negligible compared with the distance of the 
stereogram from the eyes. Such instruments 
have been designed, notably by J. Duboscq 
(1857), viewing two images placed one above 
the other, and by T. Brown (1895) for viewing 
two images side by side. On the same principle, 
F. Drouin (1896) has proposed the use of prisms 
of quadrilateral section (totally reflecting the 
light from two opposite faces), to be held in 
front of one eye for examining normal stereo- 
scopic pairs or pseudoscopic pairs (not trans- 
posed). Such instruments have been used at 
various times for viewing stereoscopic projec- 
tions. 

949. One-mirror Stereoscopes. L. Pigeon 
(1904) made an instrument, somewhat anabgous 
to the one described in 1849 by Brewster and 
in 1851 by H. W. Dove. Closed, this instrument 
appears like a book ; when opened, the two side 
panels form an angle of about 140° ; a median 
frame joined to the sides by linen or metal strip 
bisects the angle formed by the side panels. 
On one of the panels is paced at A'B' (Fig. 50.13) 
a normal image of the right-hand picture, and on 
the other panel at AB is placed a reversed image 
of the left-hand picture. The two pictures can 
be joined by means of a paper or cloth hinge ; 
the whole slides under a bridge in the lower edge 
of the bisecting panel. A sm^ mirror Af is fixra 
at the end of the bisecting panel DM in such a 
position that the left eye 0 can be placed veiy 
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near to it ; this eye sees at the reflected 
image of AB, whilst the right eye O' sees -4 'B' 
directly. 

A curious case of stereoscopic viewing, using 
only a single reflection, is that of the "cube" 
of H. Swan (1863) in which one appears to see 
a person or a head and shoulders on a very 
small scale. Two small rectangular glass prisms 
having an angle of 40° are fastened together by 
their hypotenuses, but without cementing. The 
left eye placed facing one of the large faces sees 
directly the left-hand picture cemented to the 
opposite face, whilst the right eye, placed 
obliquely, only sees (by total internal reflection) 
the right-hand picture, which is stuck, after 
reversal of the image, on the side face of the 
prism, under the condition that the field of 
vision is very limited. The pictures are there- 
fore very small. 

050. Stereoscopes with Reversing Prisms. 

Many devices have been worked out to produce 
a stereoscope for viewing stereograms printed 
without transposition from a pair taken on a 
single plate. Unfortunately, their use has not 
become general, but the principles employed 
will be briefly indicated. 

A stereoscope suggested by Brewster in 1849 
has two mirrors back to back in a plane per- 
pendicular to that of the pictures examined, and 
situated half-way between the principal points. 
Each eye then sees the reversed image of its 
picture. The same inventor pointed out the 
possibility of reversing the images by means of 
a direct-vision total-reflecting prism in front of 
each eye. 

The stereogram can be placed above or below 
the eyes and seen by means of a mirror held in 
front of the eyes (T. Brown, 1899), or placed in 
a plane parallel to the plane containing the two 
axes of vision, and seen by reflections at 45° 
(G. Balmitg^re, 1909). In another model by the 
latter inventor the stereogram is placed in a 
vertical plane at about 45° to the axes of the 
eyepieces ; two reflectors suitably placed produce 
virtiwl images normal to the direction of vision. 
The inequality in the two optical paths is then 
compensated by placing in the path of the more 
distant im^e a prism of appropriate thickness 
or an eyepiece constructed differently from that 
in the other path. 

Stereoscopes with reversing eyepieces com- 
prising total-reflecting prisms were worked out 
by Duboscq (1857) and by E. Colardeau (1911) ; 
in this model the prisms, producing three reflec- 
tions, are placed between the eyepieces and the 

36^(0.3630) 


transparency to be examined ; they are held in 
a movable carrier which can be removed from 
the field to allow of pseudoscopic examination 
of the same stereogram, or stereoscopic viewing 
of a transposed stereogram. 

951. Anaglyphs. An anagl3q)h consists of the 
two pictures of a stereoscopic couple super- 
imposed on the same support, the two pictures 
being printed in two complementary colours. 



(Pigeon) 

The result, though meaningless to the naked eye, 
appears in relief if examined through a double 
eyepiece such that each eye sees through a filter 
of colour complementary to the colour of its 
corresponding image (L. Ducos du Hauron, 
1891). 

The priority of Ducos du Hauron has been 
questioned owing to some geometric drawings 
made by W. Rollmann (1853) in two comple- 
mentary colours (yellow and blue). But the 
two images of the pair were side by side as in 
ordinary stereograms and not superimposed; 
tlfeir (hmensions were thus limited to the 
separation of the eyes. 

The left-hand image is generally printed in 
blue-green or bluish-green, and the right-hand 
image in red, slightly orange. Under th^se 
conations the left eye through a red filter sees 
the green image in black on a red ground, and 
cannot see the red image on this red ^ound ; it 
therefore sees only its corresponding image. In 
the same way, the right eye through a green 
filter sees the red image in black on a green 
ground and cannot see the green image (or only 
very feebly). 

Whilst red dyes and pigments may be obtained 
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of very great purity of colour, transmitting or 
diffusing almost all the red light from the com- 
plex incident light, blue, blue-green, and green 
dyes and pigments always consist of blended 
tints (§ 6) reflecting or diffusing only a fraction 
of the radiations not absorbed, and conse- 
quently appearing grey when viewed through 
a Alter of the same colour. 

The reconstructed object therefore appears 
blade on a ground of colour not far removed 
from the tint resulting from the mixture of 
coloured lights transmitted respectively by the 
two filters, but with momentary predominance 
of one colour or the other, according to the state 
of fatigue of the eyes. 

When examining these anaglyphs with the 
two-colour eyepieces, those parts of the object 
the corresponding points of which are printed 
in coincidence appear to be in the plane of the 
anaglyph, the other elements of the recon- 
structed object appearing in front or behind 
this plane. The elements whose corresponding 
points have a separation equal to (or slightly 
smaller for easy viewing) the separation of the 
eyes will appear at infinity. 

Anaglyphs have several advantages : they do 
not impose any limit to the dimensions of the 
pictures and only require for examination an 
instrument very easily and cheaply made by 
means of coloured gelatine or plastic-sheet 
filters (manufactured on a large scale) fixed 
in a light card, which can be punched out. 
After falling into disuse soon after their inven- 
tion, anaglyphs have been employed to illustrate 
some sdentific publications, and since 1923 
have received many applications (projections, 
catalogues, illustrated journals), the prints 
usually being made by a photo-mechanical 
process. Notable applications of anaglyphs 
^ve been made to anatomy (M: d’Halluin, 
1908), to geometry (H. Richard, 1912), to geo- 
graphical and geological maps (H. Hul^rt, 
X917), to astronomy (L. Gimpel and E. Touchet, 

1924)- 

9^, Vectographs. Another printing method 
ffjmilflr to the anaglyph, but which eliminates 
the use of coloured images (which causes a 
certain amount of eye-strain), is the Vectograph, 
invited by £. H. Land in X938. In thu case 
eadi image is produced in a material which 
pdarizes the l^t in proportion to the density 
of the image. The plane of polarization of each 
is at 45’’ to the vertical, one on either aide. 
Henoe^ when viewed through a pair of polariz- 
ing ^tiiB similarly orientated, each eye is 


enabled to see its own image but not the other, 
provided each picture is correctly printed with 
the appropriate orientation. The images are 
deep violet-brown and appear the same colour 
through each eyepiece. 

The printing is carried out by means of a 
special Vectograph (non-light-sensitive) film 
which is coated on each side with a transparent 
material having very long chain molecules, 
which are orientated during coating so that 
they lie at 45° on either side of the vertical. 
They are not birefringent in tlie raw state. 

A gelatine matrix is made from each stereo 
negative, one reversed from left to right, and 
the two matrices are superimposed face-to-face. 
They are then soaked in a Vectograph 
solution which is taken up by the gelatine. A 
sheet of the Vectograph film is then slipped 
between them and the sandwich passed through 
rollers. The solution in the two images then 
has the effect of making each surface of the 
Vectograph film polarizing image- wise, the 
plane of polarization being determined by the 
direction of coating of the film. After stripping 
away the matrices, which can be used repeatedly, 
the combined image can be viewed by trans- 
mitted light or, if lacquered on the back with 
an aluminium layer, as a print. Polarizing 
filters for viewing can be made from sheet 
Polaroid, held in cardboard frames. 

953. Parallax Stereograms. Imagine in front 
of a plate P (Fig. 50.14) in a parallel plane a 
grating T formed by opaque vertical and trans- 
parent bands, having the same width I over the 
entire length of the grid. Place at two points 
OgOi separated by a distance b (mean separation 
of the eyes) and at a distance d from the plate, 
the two lenses fitted with reflectors for reversing 
each image and at the time of recording the 
images adjust the separation e between the 
grating and the plate to satisfy the relation 

« y. Under these conditions the bands 

... of the sensitive plate only receive 
light from the lens Og, whilst the intermediate 
bands DD'D” , . . only receive light from the 
lens O4. The sensitive plate can thus only 
register half the total area of each of the images 
of the stereoscopic pair, but, if the bands are 
sufhciently narrow (about 125 to the inch), the 
di^ontinuity of each image ^ not be as c<m- 
spicuous as the discontinuity of photo^xnechaiip 
ical reproductions (see for example the plates in 
Chapter XVII, obtained by means of cross-line 
screens of about 150 lines per inch). 
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After taking the photograph, the plate is 
developed and reversed and placed in the same 
position relative to the grating, the eyes of the 
observer being placed at Og and 0 ^. Each eye 
will then only see the bands of image correspond- 
ing with it, and the observer will see the object 
in relief, without the use of any viewing instru- 
ment, since the grating is attached to the 
stereogram and is thus part of it. 

This stereoscopic process, suggested in 1896 
by A. Berthier, was put into practice by F. E. 
Ives in 1903, and perfected in 1906 by E. 
Estanave. These two authors have pointed out 
many other applications of the same principle, 
notably "auto-stereograms" in colour on Auto- 
chrome plates (1907), the ordinary or stereoscopic 
changing pictures (1910), which show successively 
two distinct images, or two or three attitudes 
of the same person, by moving the picture 
relative to the observer (living portraits). 

As in the case of anaglyphs, the elements of 
the object registered in coincidence appear in 
the plane of the stereogram, the other elements 
appearing either in front or behind, according 
to the relative positions of their corresponding 
points. 

In practice, “parallax-stereograms" are not 
taken directly, as we have said, but printed 
successively from the negatives of an ordinary 
stereoscopic pair, the grating only being used 
in the reproduction by means of a triple-body 
camera; between the copying of the two pic- 
tures the lens is moved through a distance equal 
to the separation of the eyes, perpendicularly 
to the bands of the grating. 

It may be noted that if the observer places 
the right eye at Og and the left eye in the 
symmetrical position of 0 ^ relative to Og, he will 
see a pseudoscopic image. It would be the same 
for an observer correctly placed relative to the 
image if the grating were displaced through a 
distance equal to the width of the open bands. 
In all intermediate positions, or if the observer 
is not at the requir^ distance from the stereo- 
gram, each eye sees a little of each of the images, 
and the residt is very confusing. 

9^. Integral Photography. Under the name 
of integral photography, G. Lippmann in 
suggested a method the em^diment of 
which in practice was attempted in 1925 by 
E. Estanaie. 

A celluloid sheet of convenient thickness is 
embossed on its two faces with a laigenumber 
of hemispherical projections, in sudi a vraiy that 
the converging system formed by each etenent 


of the celluloid face when facing the subject 
gives an image on the emulsion covering the 
opposite hemispherical element. Without the 
use of any other optical system (except a mirror 
for the optical reversal of the image which is 
necessary, although not included in the original 
description), one obtains a very large number of 
minute images of the subject opposite which the 
film is exposed. After development, reversal, 
washing, and drying, the film examined from 
any viewpoint will show a complete image of 
the subject photographed, each point of the 



image (or, at least, each small element— almost 
a point) being supplied by one of the elementary 
images. Binocular vision of this gives the 
stereoscopic effect, with this peculiarity, that 
as the observer moves in front of the system, 
parts of th^ reconstructed object become masked 
and then unmasked by other parts, just as they 
'would in moving about in front of the object 
itself, whereas in viewing a stereoscopic pair it is 
sdways the same objects in the background which 
are masked by the objects in the foreground, 
whatever the deformation of the reconstructed 
object, as the eyes are moved in front of the pair. 

Prompted by ^is principle and by the parallax 
stereograms, C. W. Kanolt (1918) then G. 
Bessidre (1925) and J. de Lassus St. Geni^ (1932) 
have produced some very curious photographs, 
which, seen from almost any viewpoints, give a 
perfect stereoscopic sen^tion with relative dis- 
placements of the objects situated at v^us ^ 
tances when the observer moved from side to skis. 
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To obtain these peri-stereoscopic photographs 
the sensitive plate can be exposed, for example, 
a certain distance behind a vertical grating (the 
openings being 1/400 in. wide and the lines 
1/64 in. wide). The lens, fitted with a reversing 
prism and a diaphragm in the form of a vertical 
slit, is given a sideway movement during expo- 
sure (in the case of same-size reproduction) or a 
rotation about an axis situated behind the plate 
when reproducing on a reduced scale, the posi- 
tion of the sharp image being just l^hind the 
plane of the plate. The plate thus records be- 
hind each opening of the grating, which acts as 
an elongated pinhole, a complete image of the 
object, retaining the vertical dimensions but 
compressing considerably the transverse dimen- 
sions. The lens only plays a small part in the 
formation of these anamorphoses, obtained in 
such a way that each point of the object corre- 
sponds to a single point in each elementary 
image. Once the negative is obtained, as many 
prints may be taken as are desired, and these are 
viewed by fixing a grating in front of them identi- 
cal with the one used in making the negative. 

955. Photo-stereo-^thesis. In spite of the 
fact that photo-stereo-synthesis (L. Lumi^re, 
1930) does not involve any stereoscopic prin- 
ciples. the powerful sensation of relief given 
merits their inclusion among the various methods 
of stereoscopic photography. 

The subject (generally a head and shoulders 
portrait) is photographed six times in such a 
way that the focus of each image is confined to 
a single plane of the subject. This limiting depth 
of the field is obtained by suitable calculated 
movements of the lens and plate relative to 
the subject during the exposure of each negative. 
The camera is moved nearer to the subject after 
e^h exposure, so that a new “section” is re- 
corded on the same scale of reproduction. The 
six negatives thus obtained are printed very 
lightly on transparency plates (the sum of the 
six densities only just making up the density of 
a normal transparency). These plates are 
superimposed, their thicknesses representing (on 
the scale of the image) the thicknesss of each 
of the sections of the subject. The whole is 
illuminated from behind by a diffusing screen, 
and, on viewing from the one possible position, 
a sensation of relief is obtained, the part of each 
image in focus being the only effective part 
as far as the eyes are concerned. 

Thu method has been applied with success 
to photomicrogr^y (F. Bastin, 1921) and to 
radiography (E. Pohl, 1930). 


Taking Stereoscopic Negatives 

956. Usual Stereoscopic Siies. Stereoscopic 
apparatus, consisting of two coupled cameras, 
usually form the two images of the pair on a 
single plate or film. Formerly some cameras 
used two separate plates, automatically marked 
by an inscription on one of the images made 
by a cut in the shape of a figure in the frame 
limiting the extent of the picture. The usual 
size of the first stereoscopic transparencies was 
85 X 170 mm (approximately 3J x 6f in.), the 
two joined images each measuring about 
75 X 75 mm (3x3 in.), with lateral margins 
of 10 mm (S in.), corresponding to the position 
of the binding and title. These transparencies 
were printed from negatives taken on plates 
8 X 16 cm (approximately 3J x 6J in.) or 9 x 
18 cm (3J X 7 in.). 

The International Congress of Photography 
held at Brussels in 1891 recommended the same 
size, 85 X 170 mm, with single images 66 
X 70 mm (2| X 2j in.), separated by a band 
of width 4 mm (i in.), leaving thus a distance 
of 70 mm (2J in.) between the principal points. 
This recommendation was never used in prac- 
tice, and was changed by the Congress held at 
Brussels in 1910, where it was decided to allow 
“ all sizes which can be held in a frame formed 
by two squares of side 80 mm (3iin.), placed 
side by side, it being assumed that homologous 
points of an object at infinity must not, under 
any circumstances, be more than 80 mm 
(3} in.) apart, and that a smaller distance is 
preferable.” 

However, negatives and transparencies of the 
same size are now usually used, the single images 
being very nearly square. The stereoscopic 
camera cannot be turned through a right an^le 
for taking ” vertical ” and ” horizontal pic- 
tures; square images are therefore chosen to 
give the best results in both cases. Vertical 
and horizontal pictures may be obtained by 
masking the square negatives or by making 
suitable enlargements. The sizes most frequently 
used in stereoscopic cameras are given in the 
following table — 


Nominal 

estarnal 

ilse 

Approaimate 
dimentioni of 
each picture 

the two ImagM 

Separation of 
^ principal 
point# 

7 X 13 cm 

64 X 60 mm 

4 mm 

63 mm 

(»l X 5i in.) 

(ai X af in.) 

(fin.) 

(«Ain.) 

6 X 13 cm 

54 X 60 mm 

4 mm 

63 mm 

(a| X 5i in.) 

(a| X af in.) 

(fin) 

(aAin.) 

4*5 X 10*7 cm 

39 X 43 mm 

20 mm 

63 mm 

(i|X 4 |in) 1 

(If X If in.) 

(Sin.) 

(afin-) 
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There are also excellent cameras of 9 x 12 cm 
and 10 X 15 cm, generally fitted with three 
lenses, two for stereoscopic work and the other 
of longer focal length for a single image on the 
whole of the plate. Recently, some cameras 
have been made for miniature stereophoto- 
graphy (using 35-mm perforated film), giving 
pictures 24 X 36 mm or 24 x 24 mm. In some 
cases a film-transport mechanism is provided 
which enables the negative pairs to be inter- 
spersed so that, in spite of the wide separation 
of the pairs of negatives, no film is wasted and 
yet no negatives overlap. 

The adoption of 35-mm film as a sensitive 
material has the great advantage that the inte- 
gral tripack colour films which are plentiful in 
this size can be used. Since these films are 
usually processed to a transparency direct, 
no printing is involved. In the case of one 
stereoscopic camera available in the U.S.A. a 
complete kit is manufactured, to go with the 
camera, which enables the transparencies to be 
bound up with the minimum difficulty and 
viewed in a stereoscope of excellent design. 

957 « Stereoscopic Cameras Having Two Lenses. 
Stereoscopic cameras made to take the two 
stereoscopic photographs simultaneously are 
usually hand cameras of as varied designs as 
ordinary cameras (Chap. XIV), and are fitted 
with the same accessories. However, for 
scientific or commercial applications of stereo- 
scopy, hand cameras or studio cameras can 
be used if they are fitted with a separating 
"partition” similar to the bellows, fixed to 
two rods engaged in notches at the front and 
back of the camera, the partition being held 
on both sides by elastic fastenings to the ends 
of the rods. 

Since stereoscopes are not fitted with means 
for decentring the eyepieces, if one wishes the 
reconstructed object to be geometrically similar 
to the object itself the camera lenses used in 
making the negatives must never be decentred. 
It is to reduce the need of such decentring that 
lenses of very short focal length are frequently 
used. As, however, the negatives of a stereo- 
scopic pair are often used separately for printing, 
enlarging, or projecting, that is to say, when 
decentring is pf some importance, manufacturers 
make a compromise by fitting their cameras 
with a vertical movement of small range. Some 
makers of simple cameras, who, on account of 
price, cannot use wide-angle lenses, consider 
that, for the majority of amateurs, conditions 
of geometric similarity are secondary to the 


advantages of decentring. Whereas, in ordinary 
photography, it is rarely necessary to ensure 
that the principal point corresponds to the 
horizon, their cameras are fitted with the lenses 
raised above the centre; if the photographer 
wishes to work from a high viewpoint he can 
use the camera upside down, thus getting a 
lowering of the lenses. The stereoscope corres- 
ponding to such a camera must obviously have 
its lenses decentred by the same amount. 

The two lenses of a stereoscopic camera must 
be identical, so that they produce images in 
focus of the same dimensions and luminous 
intensity at the same distance. 

Trouble would inevitably occur if the various 
adjustments were made on each lens separately : 
the focusing mechanism and the iris diaphragm 
are coupled by means of rods, except in the 
particular case when the separation of the lenses 
can be controlled. 

The use of two separate shutters is avoided 
for the same reason, apart from the fact that 
they would be more expensive than a stereo- 
scopic shutter with two openings. An American 
stereoscopic camera of the reflex type is fitted 
with a reversing stereoscope for viewing the 
images in relief on the ground glass, as suggested 
by F. Drouin (1893). 

958. Stereoscopic Cameras Avoiding the Need 
for Transposing the Negatives. The production 
of stereoscopic images capable of being viewed 
directly in an ordinary stereoscope by reversal 
of the original images is a problem whose solu- 
tion has been sought from the beginning of 
stereoscopic photography on Daguerreotype 
plates. It was solved by A. Claudet (1853) 
by fitting each of the lenses with a mirror or 
prism for optical reversal of each image. 

Many attempts have been piadc since then 
to bring this type of camera into every-day use, 
notably those of J. Carpentier (1895), by means 
cd right-angled prisms'placed between the front 
and back components of the lens; by J. A. 
Tournier (1902), by means of reflectors inside the 
camera, projecting the images on to a roll-film 
wound round the partition separating the two 
dark compartments ; and by A. Daubresse (1902), 
by means of two reflectors inside the camera, 
throwing the images on a sensitive film placed 
between the lenses. 

In spite of the advantage of such a camera in 
stereoscopic colour photography, there being 
no need to cut the negatives, it has never been 
popular. Note should be made, however, of 
the double-prism devices sold for certain 
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miniature cameras which enable the- one lens 
to be used to take two stereo negatives side-by- 
side on the same frame, though merging 
together slightly in the centre. The system is 
similar to that mentioned in § 959. though the 
miniature film can be processed by reversal 
and examined by means of a special viewer. 

959. Cameras Fitted with Mirrors for Register- 
ing Steultaneoudy the Two Stereoscopic Ii^es, 
Using Only One Lens. In a camera taking 
pictures at least 3J X 4jin., by a suitable 
arrangement of mirrors in front of the lens, two 
separate images may be formed of the view as 
seen from the position of the images of the 
two half-apertures of the lens in the two mirrors. 

Such a duplicating arrangement, consisting 
of two mirrors making a very obtuse angle with 
one another and having their joining line vertical 
and situated on the axis of the lens, was devised 
in 1853 by F. A. P. Barnard for stereoscopic 
photographs on Daguerreot3rpe plates. Each of 
the two images of the pair is turned round by a 
single reflection of the incident rays. If used to 
obtain negatives to be finally printed by contact, 
this arrangement is open to the objection that 
the images are reversed as regards right and left. 

A duplicating system, using two pairs of 
mirrors, recalling the stereoscope of Gazes (§ 947), 
was made in 1894 by T. Brown. Each of the im- 
ages being reflected twice, the negative obtained 
is similar to an ordinary stereoscopic negative. 

The mirrors of these duplicating systems are 
very delicate, since they require to be silvered 
on the suiiaoe to avoid the double reflections 
obtained with an ordinary mirror silvered on the 
back. Moreover, these mirrors reflect at most 
90 per cent of the incident light (or 80 per cent 
after two reflections). Also the lens forms each 
innage with only half its surface, thus reducing 
its ** speed *' to one-half its normal value. 

These arrangements are not at all suitable 
if one wishes to conform to the best geometric 
conditions ; the two half-pencils which are 
incident on the lens only have common regions 
if the two axes (virtual) are convergent. 

960. Stands for Two EaqKwures in Rapid 
SuccesaUm. For stereoscopic photography of 
inanima te objects by means of two successive 
exposures with any camera, a number of 
jurrangem^ts have been put forward which 

fixed to a tripod and automatically 
ensure parafldism between the optic axes in 
the two positioias and the desired separation 
between w two vicw-p<ants. 

The ioBowiiig arrangements, among others. 


have been used. A board with stops indicating 
the two positions of the camera; a board with 
a carriage running on guides between fixed or 
adjustable stops, the camera being fixed to the 
carriage ; a board to which is secured by means 
of four movable rods another board, the rods 
and boards forming two parallelograms; this 
ensures parallelism in the extreme positions of 
the movable board. 

961. Stereoscopic Photography, Using a Large 
Base. There are two cases to be considered; 
the study of a distant object of small depth, but 
no objects situated at intermediate distances, 
and the photography to the best advantage of 
a group of objects situated at all distances from 
the base and partially obscuring each other from 
view. As typical examples of the two respective 
cases may be mentioned: (i) vertical stereo- 
scopic photography, from an aeroplane flying at 
great aJtitude, of an expanse of country, or the 
plan of a works, and (ii) the stereoscopic photo- 
graphy of a landscape from ground stations. 

In all cases the camera must be of slightly 
greater size than the size of the images required, 
so that they may be trimmed to avoid any errors 
of orientation. When extreme accuracy is not 
necessary (otherwise the camera must be 
mounted as a theodolite), the parallelism of the 
two positions of the optic axis is obtained with 
sufficient approximation by observing the image 
of some object at infinity and bringing it to the 
same point on the ground glass, or on a reference 
mark on the finder (replaced, if necessary, by a 
telescope with cross wires, or by a rifle sight). 

To avoid displacement of the clouds in a 
landscape by wind between the two exposures, 
giving the illusion of clouds nearer than the 
landscape, it is best to take the first photograph 
from the side from which the wind comes, 
and to reach the other station, previously 
decided upon, as quickly as possible. 

When photographing in sunny weather from 
two stations successively with an appreciable 
interval of time intervening, the displacement 
of the shadows that occurs between the two 
exposures gives, on stereoscopic examination, 
the sensation of black surfaces rising above the 
ground as their distance increases from the 
object projecting them. To prevent this it has 
been suggested that the first station taken 
should be the one which, relative to Uie oriier. 
is in the direction of the sun. 

These two recommendations may. however, 
prove incompatible. 

962. Considering the first case mentioned 
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above, if we are to place the eyes opposite the 
principal points of the pair — ^the condition 
necessary to avoid distortion of the reconstructed 
object (§ 940)-— the separation of the two stations 
must be chosen so that it bears the same relation 
to the mean distance of the object as the separa- 
tion of the eyes bears to the principal distance 
(L. P. Clerc, 1917). In other words, if B is the 
length of the base (distance between the two 
stations), D the mean distance of the object 
from the base, h the separation of the eyes, and 
d the principal distance of the images of the pair 
(practically equal to the focal lengths of the 
lenses in the case of a distant object), the length 

B h 

B must be chosen to satisfy the relation g = - 

It is for this reason that stereoscopic pairs 
taken vertically from the air are given a separa- 
tion equal to a quarter of the altitude if the 
lens used has a focal length of about 10 in., 
i.e. four times the separation of the eyes. 

963. The rule given above is obviously useless 
in the case of a group of objects of considerable 
depth ; we can no longer talk about the distance 
of the object, as it varies considerably from one 
part to another. 

If a series of photographs are taken of open 
country from a high terrace, the camera being 
moved at right angles to the direction of vision 
between each exposure, thus obtaining stereo- 
scopic pairs of increasing separation from, say, 

9 in. to 10 yd, the sensation of relief obtained 
in viewing the various stereograms obtained 
becomes more and more marked as the base is 
increased. But, when the stations are more than 
a certain distance apart, it becomes more and 
more difficult to make the foregrounds of the 
images coincide. If the base is increased still 
further, fusion of the images becomes impossible 
even in the distance, the eyes being attracted by 
the discordance of the foreground, however hard 
the observer may try to neglect it. 

In determining the separation of the stations, 
both the distance of tne foreground and the 
more remote parts of the subject must be taken 
into account. It is easily seen that for a certain 
distance of remote parts the base can be made 
Ivger the greater the distance of the foreground, 
with consequbntgreaterreli^ in the remote parts. 

The relation the f<«eground bears to the 
distant parts ^atly influences the length of 
base it is possible to use. For instance, in a 
photograph taken from a cliff over a valley, the 
various object planes range in increasing diso 
tances up to ffie horiaon or to the Uihit of the 


remote part without any object in the fore- 
ground masking an object in the distance. 
Under these conditions, if the result is examined 
stereoscopically, the eyes can view successively 
the various planes, and are not influenced by 
quite a considerable variation of separation of 
corresponding points. If, on the contrary, the 
photograph is taken, from the ground level, of a 
bush or tree at about 20 yd from the camera, 
standing out against a hillside which forms a 
background, the maximum variation of separa- 
tion of corresponding points appears between 
adjacent points. 

Experience shows that in the case of a stereo- 
scopic pair taken looking down on the subject, 
thp eyes can stand a separation of homologous 
points about five times as great as in the case 
of horizontal views. 

Most observers can endure a variation of separa- 
tion of homologous points equal to i/io of the 
distance at which they are examined in the case 
of bird's-eye views, and of 1/50 of this distance 
in the case of horizontal views. 

If a stereogram is viewed under normal condi- 
tions, the eyes occupying the respective view- 
points of the two perspectives, the viewing 
distance is equal to the focal length F of the 
lens used in taking the photographs, and if the 
foreground and distance are respectively at 
distances D and D' from the base, the maximum 
separation B of the stations is given by the 
following equations ^ 

Bird's-eye views B = - (D'-D) 

DD' 

Horizontal views B = (D'-D) 

We thus obtain by other means, in the case 
of horizontal views, the rule mven in 1895 by 
L. Gazes. 

Frequently when one does not wish to make 
the reconstructed object exactly similar to the 
object itself, the stereoscope used for viewing 
has eyepieces of focal lai^h / differing from 
the focsd lengths of the camera lenses used in 
taking the photographs (photographs taken by 
means of a telephoto 1^, and viewed in a 
stereoscope of short focus). In such cases the 


^ The variation of separation s - s' of the homologous 
kually equal to 


points (§ 937) is act^ 


F{D'-D) 


If then (•-«') is given the value F/io or F/50 it U 
easily seen (L. P. Clerc. 19x7) that 

B ^ or 


loijy-o) 


30(V'-V) 
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variation of separation of corresponding points 
must be reduced to the focal distance / of the 
eyepieces, and the equations giving the maxi- 
mum separation of the stations become — 

/ DU 

Bird’s-eye views B p' _ £)) 

, / DD' 

Horizontal views B = (D' - U) 


For example, in the case of a bird's-eye 
panorama in which the foreground is 2 kilometres 
away and the background 10 kilometres, the 
photographs being taken with a lens of 26 cm 
focal length, and examined with eyepieces of 
12 cm focal length, the separation of the 
stations can reach 115 metres,^ in which case 
the extent of the neutral zones, calculated as in 
§ 942, have the following values according to the 
distance of the background — 

Distance at . 10,000 5000 2500 metres 

Corresponding extent of 

neutral zone . . 19C 50 12 metres 

In the case of a horizontal view in which the 
foreground is situated at 20 metres and the 
background at 10 kilometres, the photographs 
being taken with the same lenses and viewed 
with the same eyepieces as in the previous 
example, the separation of the stations must not 
exceed 4*86 m,* the neutral zones assuming 
considerable dimensions. 


Distance at . 10,000 5000 2500 metres 

Corresponding extent of 

neutral zone 3225 962 266 metres 


The advantage of choosing a high station to 
eliminate any near foreground is therefore 
obvious. 

In the special case when the view extends to 
the horizon, i/D' = 0, and the equations become 
respectively 

loF 50F 


B = 


964. Stereoscopic Photography of Small 
Objects. If the reconstructed object is to be 
exactly similar to the object itself, the first 
condition to observe is to choose the focal length 
F of the taking lens and the magnification n 
such that the principal distance F(n -f i) of the 
perspectives is equad to the focal length of the 
eyqneces of riie viewing stereoscope. This 


•B 


0-12 2000 X 10,000 3000 

10 X 0-26 8000 26 ^ 

“ X » 4*22 _ 4.86 B. 
SO X 0-26 9880 


condition is often neglected. In order to photo- 
graph small objects same size by means of a 
camera not having sufficient extension, the two 
lenses may be used for taking each perspective, 
one acting as an auxiliary lens. This lens 
coupling can be effected by means of a cylindri- 
cal sleeve sliding freely on the lens hoods. 

When one attempts, by means of a two-lens 
camera, to take stereoscopic photographs of 
near objects, as one approaches the objects their 
images on the ground glass separate and finally 
go out of the field. One is then forced to reduce 
the separation of the lenses, which is possible 
only with some special cameras, and is then 
limited by the nearness of the object. This 
can be done with a camera made to the design of 
W. Scheffer (1907) for stereoscopic photography 
of insects and other natural history preparations 
on any scale (same size). The separation of the 
lenses was automatic^ly controlled by the 
movement of the lens carrier, which moved 
for focusing in such a way that the separation 
of the lenses was inversely proportional to the 
extension. Two exjxisures, can, of course, be 
taken, moving the camera a suitable distance 
between them (or, sometimes more simply, 
by giving a shift of equal amplitude to the 
object itself). 

965. When the depth of the object photo- 
graphed is only a small fraction of its distance 
from the lens, and when the stereogram is to be 
viewed under normal conditions (the eyes occu- 
pying the points of view of the two perspectives), 
the separation of the positions of the lens can 
be obtained by applying the rule given in § 962 
for long-distance stereoscopy. If the photo- 
graphs are taken on the scale of ijn with 
objectives of focal length F, thus having a 
principal distance equ^ to F(w -f i), if the 
stereogram is viewed with eyepieces having a 
focal length /, approximate compensation of 
the abnormal circumstances of viewing is ob- 
tained if the separation of the two photograph- 
ing points is made equal to B, where — 

^ ^ 2>5(n + i)F 

«/ 

all measurements being made in inches. 

We have had occasion to verify this rule 
experimentally in taking a series of stereograms 
at increasing separations of a map in rdief. 
More than a hundred people who viewed these 
stereograms and compared them with ttie 
original relief chose, as the one most like the 
ori^nal, the stereogram taken with a separation 
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of stations equal to that calculated from the 
above formula. 

In particular, if the object is photographed 
natural size, the separation of the lenses must 
be equal to the mean separation of the eyes. 
It will also be necessary to view the stereogram 
with eyepieces of at least 10 in. focal length 
(which means that for perfect reproduction the 
object must be photographed at this same dis- 
tance from the lenses), the eyes being unable to 
converge on a nearer point without fatigue. 
Further, an ordinary stereoscopic camera cannot 
be used under these conditions, as it forms an 
image of only half the object in each field. One 
is therefore often led, in same-size stereoscopic 
photography of small objects of little depth, to 
reduce the separation of the lenses, thus sacri- 
ficing the similarity between object and repro- 
duced object, or to make the optic axes con- 
verge towards the object in order to bring the 
two images to the centres of the two halves of 
the plate, although this causes serious deforma- 
tions in the case of an object of appreciable 
thickness (§q3()). It is therefore necessary, at 
the same time as the axes are made to converge 
(exaggerated relief), to reduce the separation of 
the two positions (reducing relief and thus par- 
tially compensating for the effect of the converg- 
ence of the axes). 

The same result is obtained by rotating the 
object between exposures about a vertical 
axis cutting the optic axis, remembering to 
turn the source of light through the same angle 
about the same axis to avoid differences of 
illumination in the two photographs. Generally 
the total amplitude of this rotation is about 

to 4® according to the distance of the object 
from the base. 

It is worthy of note that the use of prism 
attachments mounted on the lenses of a stereo- 
scope camera has been suggested, so as to ensure 
convergence of the axes, thus permitting rela- 
tively near objects to be photographed. 

The general rule is applied much more easily 
in the case of objects photographed on an 
enlarged scale; for example, to obtain stereo- 
grams representing an object of small depth 
under a magnification of 10 times, no difficulties 
present themselves either in the taking or view- 
ing provided one moves either the camera or 
object parallel to itseh between exposures a 
distance equal to x/io the separation of the 
eyes. i.e. Jin. 

966. For small objects of appreciable thick- 
ness. the best results are obtained by applying 


the formula given in § 963 for horizontal views, 
but replacing the focal distance F by the prin- 
cipal distance. 

For example, suppose we photograph an 
object 2 cm deep with a lens of 12 cm focal 
length placed in front of a perfectly uniform 
background not located in the stereoscopic 
viewing. The middle plane of the object is 
focused under conditions giving a magnification 
of 3 times. The extra-nodal distance of the plane 
focused on is thus 16 cm — 15 and 17 cm for 
the distances of front and rear planes— while 
the extra-nodal distance of the sensitive plate, 
i.e. the principal distance, is 48 cm. The opti- 
mum separation of the two positions is then 
given by— 


B = 


12 

50 X 48 


X 


15 X 17 ^ 2^ 
(17 -- 15) ' 400 


0*64 cm 


The camera or object is therefore to be moved 
6*4 mm between the two exposures. 


Printing and Mounting Stereograms 

967. Masking the Pictures. An important 
factor in the mounting of stereograms is the 
choice of suitable frames (masks, trimming, or 
windows limiting the field in the case of stereo- 
scopes of box form). The frames of the two 
elements of a pair must be equal ; under these 
conditions they are seen stereoscopically as 
rectangles located in space. 

If the stereogram represents a landscape, a 
monument, or any other object of large dimen- 
sions, the frames should be placed in such 
positions relative to the photograph that they 
give the illusion of seeing the object through a 
window. The distance between corresponding 
sides of the two frames must be about 1/25 in. 
less than the separation of corresponding points 
of the foreground. In other words, as in looking 
through a window, one must see a little more of 
the right of the subject with the left eye, and a 
little more of the left of the subject with the 
right eye. 

On the other hand, if the stereogram repre- 
sents some small object against a background, 
e.g. a medal resting on a mount, it is desirable 
to locate the frame in the plane of the back- 
ground, the object then appearing in front of 
the frame, the corresponding sides of which 
must have a separation equal to that of corre- 
sponding points of the background. 

In order to be able to effect these localizations 
it is necessary to know the dimensions and rela- 
tive positions of the openings of the stereoscope 



552 


PHOTOGRAPHY: THEORY AND PRACTICE 


to be used (small variations of this type 
occur between stereoscopes of different makes). 
To find this, a card of considerable length 
and about 1/25 in. narrower than the smaller 
dimension of the normal size (59 mm, for 
example, for a stereoscope 6 x 13 cm) is placed 
in the grooves ; on this card are traced in pencil 
the boundaries of the openings of the stereoscope 
and the leng^ of* card necessary for mounting 
prints, allowing about ^ in. extra to catch hold 
of. It is well also to mark the boundaries of a 
plate of the corresponding size (Fig. 50.15). 

968. Printing. The stereoscopic cfiect is more 
realistic when viewing transparencies than when 
viewing prints, and the former are more popular 
for private collections. Stereograms on glossy 


difference of density scarcely affects stereoscopic 
viewing, though matched densities are preferable 
where practicable. At one time, when papers of 
different gradations were not available, some 
workers adjusted the exposures of the two 
prints so that one of them showed the light 
tones to best advantage and the other the 
shadows. 

Since the sensation of relief results from small 
differences of position of corresponding points 
of the two pictures, any circumstances affecting 
the sharpness of the prints will impair the degree 
of relief. It is therefore necessary in printing 
transparencies by contact to take all the pre- 
cautions recommended in § 708. 

Poor lighting, under-printing, and excessive 
contrast in reproduction all give 
poor results. The snow effect ’ ' 
produced by large areas of in- 
sufficient density may be miti- 
gated to some extent by tinting 
the entire print, e.g. very light 
yellow, to give the effect of 
sunshine. 

969. Printing Stereoscopic 
Transparencies. When printing 
in large numbers, it is usual to 
make a negative allowing both 
images to be printed at the 
same time, either by cutting 
and reassembling the original 
negative or by making a dupli- 
cate negative from a suitable positive. 

For printing in small numl^rs the transposi- 
tion may be done automatically by means of a 
triple-body camera fitted with a centre parti- 
tion and two lenses (A. Bertsch, i860), each of 
which reproduces one of the images of the pair 
and reverses it laterally, thus compensating for 
the reversal in the taking camera. Various 
devices have been made to adapt the stereoscopic 
camera to this purpose. In riie specially con- 
structed instruments the two lenses are generally 
mounted with a means of var3dng the separation, 
so as to allow of suitable placing of the images 
on the positive plate, this adjustment being done 
by examining the projected negative image on 
the ground glass. 

A stereoscopic pair giving only a very slight 
effect of relief, owing to the choice of a base 
too short in comparison with the distance of 
the subject, may be consideraly im^ved by 
enla^ement provided there is no near foreground. 
A rigorous geometrical reconstniGticai is not^ 
however, obtained, ; ^ 
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Fig. 50.15. Guide for the Mounting of Stereoscopic Prints 

paper are often used for collections of scientific 
or technical interest when cost is a primary 
consideration. Moreover, they lend themselves 
to transport by post, etc., with greater safety. 

W^n dealing with large sizes only, stereo- 
grams printed on paper are practicable, and the 
printing is often done by photo-mechanical 
processes. Collotype, with its irregular grain, is 
generally preferable to half-tone, with its 
pronounced geometrical pattern. In printing 
stereoscopic pairs in half-tone, it is advantageous 
to arrange ^e two directions of the screen at 
30^ to one another, afid so render the pattern 
less obvious. 

The two images of each pair being generally 
exposed separately and developed together, it 
is necessary to ts^e precautions to give equal 
exposures to the two prints. W^en, however, 
the same transparency is to be used alternately 
lor stereosooific viewmg and projection, it (s 
advantageous to give the image to be used for 
projection a little less density (by shorter 
exposure) than the other; even a marked 




STEREOSCOPY 


553 


The printing of stereoscopic transparencies is, 
however, usually done by contact in a trans- 
posing frame requiring two exposures. These 
frames comprise an exposure opening and grooves 
in which to slide the negative and positive 
plate. Stops hold the two plates in the positions 
indicated in Fig. 50.16 the left-hand image then 
being printed on the left half of the po.sitive 
plate and the right-hand image on the right 
iialf of the plate. 

The types of transposing frames usually found 
on the market are made for average results, 
and satisfy most requirements. To produce 
transparencies adapted exactly to a certain 
stereoscope it is necessary to obtain an adjust- 
able transposing frame, or to make a suitable 
one. Their construction is easy if the principles 
given below are observed (A. Marteau, 1902). 

For a long time it was usual to bind up 
transparencies by a piece of plain glass 
atter the manner of lantern slides, first 
masking and titling the subject. The intro- 
duction of automatic stereoscopes and the 
popularity of small sizes, which would be 
much reduced by binding, has led to the 
abandonment of this procedure ; the title is 
usually written in ink on one of the trans- 
parent parts (margin, or gap between the 
two images). It is, however, advisable to 
protect the film of the transparency with 
varnish. 

970. Construction of a Tran^osing Frame. 
Procure three sheets of Bristol board which, 
suitably cut, are placed one on top of the other 
in a printing frame of convenient size, and form 
the transposing frame represented in Fig, 50.16. 
The figure is drawn practically to scale for the 
case of a 6 X 13 cm negative to be printed on 
to a 7 X 13 cm transparency plate. If the nega- 
tive is of greater dimensions than the positive 
plate, the top card, forming the guide, will 
only be fixed to the others along one of the 
longer sides so that it may be lifted for inserting 
the negative. Cut out of the cards three equal 
rectangles of length greater (by about 2J in.) 
than twice the length of the positive plates to 
be used, and of width greater than the width 
of the plates, by about 4 in. Draw carefully 
the two axes yy* of the rectangles from 
which measuremejits of the various apertures 
will be taken. 

The centre card (represented by vertical 
shading) is sandwiched between the other two, 
and its thickiiess must be at most equal to the 
thinnest negative to be printed; if not, it will 


prevent contact between the negative and posi- 
tive plate. In this card cut an opening abed 
to receive the negatives with the least possible 
play. 

The cpd abdc, Fig. 50.16, which after mounting 
will be in contact with the glass of the printing 
frame, serves as a mask. In it cut two openings 
this card must be very thin; stout 
paper may be used instead of card. If the 
individual negative pictures are larger than the 
openings in the frame of the stereoscope, these 
masks are cut about 1/25 in. larger all round 
than tlie stereoscope masks, so that the openings 
are well filled by the pictures. If, on the other 
hand, the printing is done from a negative of 
smaller size, this mask is cut, leaving openings 
about 1/25 in. less in each dimension than the 


card forming the plate holder. In like manner, 
it will be necessary to provide each transparency 
with a mask cutting off the plain glass at the 
margin, or at least to fit the stereoscope with a 
temporary mask. 

The distance of ef from ah is measured on 
several negatives, and then the opening efgh 
cut accordingly. To carry out fhe recommenda- 
tion made in §967 for landscapes and large 
subjects, the distance between the corresponding 
rides eft ij of the two openings of the mask must 
be about 1/25 in. greater than the distance be- 
tween corresponding points of the foreground 
as measured on several negatives (greater, not 
smaller, as in the finished stereogram, by reason 
of the transposition). This fixes the position of 
the second ope^g ijkl equal to efgh, its hori- 
zontal sides being exact continuations of those 
of efgh. The card formmg the negative holder 
is then glued, or fixed by any other appropriate 
means, to the masking card. 

To make the best of stereoscopic negatives 
which, by mistake, were taken witii an inclined 
base (camera tilted laterally during exposure), 



Fig. 50.16. Stereoscopic Transposing Frame 



554 


PHOTOGRAPHY: THEORY AND PRACTICE 


a similar transposing frame may be made. The 
negative holder, instead of being fixed, is cut in 
two, and the two halves centred on the openings 
of the mask such that the lines joining corres- 
ponding points are horizontal, the negative 
being temporarily fixed by gummed strips. 

The cutting of the opening A BCD in the upper 
card (represented by the spaced shading), which 
forms the slide for the positive plate, is best done 
by la3dng on it the card already made (Fig. 50.15) 
and tracing the position of the openings of the 
stereoscope (§ gbg). To do this, the guide card 
is placed on the frame so that the rectangle D 
is centred over the opening ijkl and a trace of 
the guide on the negative carrier is made, thus 
determining the side CD of the necessary open- 
ing in the upper card and the beginnings of the 
sides AC and BD. The side AB will be fixed by 
the condition that the distances of cd from CD 
and ah from AB must be equal. It only remains 
to cut this third card on which has been drawn 
the rectangle ABCD, and to glue it on the other 
two in the position indicated by the lines. 

971. Stereoscopic Prints on Paper. Stereo- 
scopic prints are best trimmed with the help 
of a trimming plate cut from the glass of a 
waste negative of size about 1/25 in. greater 
than that of the opening of the stereoscope.^ 
When the print is taken from a pair of negatives 
on a single plate, the horizontal sides are cut 
first with a trimming plate of sufficient length 
and of width slightly greater than the height of 
the openings of the stereoscope, on which a 
squared pattern has been traced, having one 
direction parallel to the length of the stereogram. 
These lin^ may be made by drawing on an 
undeveloped fixed plate. It is then easy, if the 
camera was correctly levelled when ta^g the 
views, to make the cuts correspond to the 
vettic^ lines of the subject (monuments, 
interiors) and to the horizontal lines joining 
corresponding points of the pictures (in the case 
of photo^phs taken with an inclined camera, 
the two pictures had best be trimmed separately). 
The trimming of the vertical sides is then done 
with a plate slightly wider than the openings of 
the stereoscope. It is convenient to have this 
plate marked with numbered vertical lines 
fadlitating its adjustment. In order that the 
framing should play the part of a window for 
the foreground, the plate is placed with one of 

* For moaotiDg photographs Bmaller than the sice 
lor which the ftefeoscope is intended it is best to use 
hlaek or very dark car^. The card may obviously be 
of any oolovr if it doec not appear in the field of view. 


the vertical lines on an easily identified refer- 
ence point in the foreground of the left-hand 
picture, and the plate is next placed on the 
right-hand picture, so that the corresponding 
reference point is on the right of the vertical 
ruling. 

Before trimming, take care to mark the two 
prints with a soft pencil on their backs with the 
letters L and R to avoid confusion when mount- 
ing. If this precaution has been omitted the 
two prints may be identified as follows. Lay 
one print on top of the other and hold them up 
to the sun or a powerful source of light, their 
emulsion sides facing the observer. Adjust 
them until the backgrounds coincide ; then the 
foreground of the left-hand picture extends 
beyond the right of that of the right-hand 
picture. 

The positions of each of the prints on the 
mount are marked with a shp of card or thin 
metal on which has been drawn or traced the 
transverse boundaries based on the guide card 
(Fig. 50.15), but remembering that the width of 
the prints should be slightly greater than that 
of the openings of the stereoscope. It is very 
important, before finally attaching the prints 
to the mounts, to make sure that the lines joining 
corresponding points are parallel to the long 
sides of the card. This can easily be verified 
by means of the trimming plate already used for 
cutting the horizontal sides. 

For rapid mounting, the wet prints may be 
applied gelatine side down to a piece of glass the 
same size as the transparencies. To obtain the 
correct positions the glass is placed on the guide 
card (Fig. 50.15). The prints being seen through 
their backs, the left-hand image will be on the 
right, so that when seen through the glass the 
two occupy their correct positions. 

972. When the photographs have been taken 
on separate plates, and particularly in the case 
of large negatives taken from two ffistant 
stations, it is first necessary to identify them as 
already described. If it is desired to make the 
reconstructed object appear in front of the 
frame, the two prints can be trimmed simul- 
taneously by making their backgrounds coincide 
while trimming. Otherwise, trimming in this 
position must be limited to the horizontal sides, 
the vertical sides being cut as described above. 
In the case of vertical aerial photographs, con- 
sideration of the displacements of the back- 
grounds and foregrounds is not sufficient to 
differentiate the two photographs. The left- 
hand picture is generally the one of which the 
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principal point is nearest to the left-hand side 
(except in the case of views taken with axes 
accidentally converging to a point above the 
ground). In this case horizontal cuts must be 
made parallel to the line joining the respective 
principal points of the two images. 

We cannot go into all the special precautions 
necessary in mounting stereoscopic . prints of 
large size 'for mirror stereoscopes ; these precau- 
tions will suggest themselves after some experi- 
ments with the particular stereoscope to be used. 
The procedure will be understood from what has 
already been said. 

973. Stereoscopic Transparencies from Sep- 
arate Negatives. If the negatives have been 
taken with a stereoscopic camera using two 
separate plates, it is easy to construct a trans- 
posing frame similar to that described in § 970, 
but, in place of the single negative carrier abed, 
two separate negative carriers must be made, 
sufficiently separated from one another to give 
the necessary rigidity to the card situated 
between the two openings. This increases the 
separation between the openings and the length 
of the slide A BCD for the positive plate. 

For printing large stereoscopic pairs on a 
single transparency such a transposing frame 
would be very cumbersome. Moreover, when 
the negatives have been taken from separate 
stations, the backgrounds do not generally 
appear in the same position on the two nega- 
tives, and such a transposing frame can only be 
used for pairs of negatives whose backgrounds 
are in the same position relative to the openings. 

The following method (L. P. Clerc, 1917) works 
very well. Two card frames (Fig. 50.17), not 
thicker than the thinnest positive plate, are cut 
with openings of the normal size of the positive 
plates. The two frames are marked with the 
letters L and R, and also by means of notches 
which are cut on the two sides of the marked 
comer so that the plates can be lifted. 

A stereoscopic pair, printed on paper from the 
desired negatives is mounted on a sheet of glass 
of the same dimensions as the transparencies, 
the prints being attached to the glass by their 
backs. Before the mountant is dry this pro- 
visional stereogram is viewed in the stereoscope 
to make sure it is mounted correctly. 

After drmg this model, the right-hand nega- 
tive is applied against the print, in a good light, 
and the two i^ht-hand images caused to coin- 
cide. If, owing to stretching of the paper, 
coincidence cannot be obtained over the whole 
iniage, adjustment is made over the central 


region. Register having been obtained, it 
is carefully maintained, and the whole placed 
on the edge of a table, the negative underneath. 
Now pass the left hand through the opening of 
the right-hand frame to press the model stereo- 
gram against the negative, and place the frame 
round the model with the two sides of the angle 
marked R in contact v/ith the lower right-hand 
corner of the model. Hold with the right hand 
the combined negative and frame, and, removing 



Fig. 50,17. Transposing Masks 
(Clerc) 


the model, turn it over on the table, frame under- 
neath. Fix the negative on the frame with 
thick rubber solution or strips of gummed paper ; 
do not wet the parts of the strips which touch 
the gelatine film of the negative. Whilst these 
strips are drying, proceed with the same regis- 
tration of the left-hand negative, then verify 
tlfat there has been no appreciable displacement 
of the frames by placing the model stereogram 
in each one in turn, placing it against the lettered 
angle ; if there has been any movement it must 
be rectified. Whilst the model is in place, ms^k 
on each frame the area correspon^ng to fhe 
other negative by means of a piece of black 
paper (held in place with gummed strips), of 
wlidch the free edge must coincide with the line 
of junction of the two prints of the model. 

The whole operation, longer to write than to 
carry out, takes hardly a quarter of an hour 
from the time the model is ready for use. 

The printing can then be done in a single 
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printing frame or in two printing frames, taking 
care to place the negatives in corresponding 
positions, e.g. guiding angles towards the opera- 
tor. The positive plate will be exposed to light 
behind each of the two negatives, placing it 
each time against the register angle. In these 
circumstances the transparency will be made 
with the pair of images in the same positions as 
in the model. 

974. Printing of Anaglyphs. Anaglyphs on 
paper are usuahy product by photo-me(^anical 
methods, collotype being convenient for small 
editions and half-tone for large numbers. 
Originals sent to the collotype or photo-engrav- 
ing firm must be very carefully masked, accord- 
ing to the directions set out in §967. In the 
case of half-tone reproductions it is well to 
instruct the engraver to angle the screen as is 
usually done in three-colour block-making for 
the red and blue negatives so as to avoid any 
moir6 effect (which would disappear when 
examined through bi-coloured glasses). If the 
frames have been suitably placed, the printing 
must be done so as to ensure their coincidence. 

For the production of anaglyph transparencies 
for (hr^t viewing or projection, the necessary 
precautions must be taken that the two images, 
printed on separate plates, occupy the correct 
positions relative to one another when placed 
him to film— the edges of the plates coinciding. 
The blue image may, for example, be made by 
Prussian blue toning (§§748 and 751), or by 
dye-toning with methylene blue made slightly 
greenish by methylene green or malachite green ; 
the red image may be made by imbibition 
without washing out (§ 822) by means of 
ammoniacal carmine, the image printed from 
a positive being thus reversed. 

The red image may also be made by the same 
methods as the blue, but using a thin film. For 
making anaglyphs films have been placed on the 
market with a positive emulsion giving images 
of weak contrast and without a gelatine coating 
on the back. These are exposed under a 
^lecially jnepaied tl^sparency (§712), and 
after devdopment they are bleached in the 
bromoil bleaching bath (§845) rinsed, fixed, 
washed, dried, and dyed (§ 822). The dye fixes 
on the non-hardened gelatine and a positive 
image is obtained. 

Stekboscopic Projection 

975, Claaatficatkm of the Various Metiiods. 
TIk various known methods of stereoscopic 
projection may be classified as follows— 


(A) The images are projected one on the 
other and are selected — 

(i) By alternately cutting out the two pro- 
jected beams, with synchronized cut-out of the 
individual viewing apparatus. 

(ii) By their colour, each observer being 
supplied with an appropriate bi-coloured pair 
of spectacles. 

(iii) By polarization in different dif^ctions of 
the light in each of the projecting beams, each 
observer being provided with an analysing 
apparatus. 

(iv) By purely geometric means of less general 
application, stereoscopic vision only being pos- 
sible to a single observer, or several observers 
in certain definite positions. 

(B) The images are projected side by side, 
the enlarged stereoscopic pair on the screen 
being examined — 

(i) By a mirror stereoscope. 

(ii) By special binoculars. 

(iii) By prisms. 

(iv) By a mask permitting each eye to see only 
one image. 

976. Alternating Viewing. This method, some- 
times called strobo-stereoscopy, was described 
in 1858 by J. Ch. d'Almeida. The two images 
are thrown by two projectors illuminated alter- 
nately with a frequency of about 15 exposures 
per second for each image. In front of each 
observer a system of two eye-holes or two eye- 
pieces is provided with shutters synchronized 
with those of the projectors, so that the right eye 
sees only the right linage and the left eye the left 
image, with persistence of vision for both eyes. 

Nothing appears to show that these projectors 
were actually made by d' Almeida. The appli- 
cation of this principle to stereoscopic cinemato- 
^phy (with the possibility of using only a 
single projector, the film consisting of alternate 
right and left-hand pictures of the same scene) 
has been patented many times since the begin- 
ning of cinematography, notably by Dr. Dc^ 
(i90o),byGrivolas(i90i),by E. Keynaud (1902), 
and by G. Schmidt and C. Dupuis (1903) ; the 
latter ran a cine-stereoscopic &ow for sevml 
months in Rue d'HautevilJe, Paris; each spec- 
tator was provided with a species of opera glasses 
attached to his chair by electric wires, which 
controlled an electro-magnetic shutter. 

977. Projection • in Two Con^leiiientefy 
Cotom. In the same papa: in which the above 
process was suggested, d'Almeida wrote of a 
method of stereoscopic projection, uring |xro- 
fectmg beams of red and green for t|]« two images 
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of the pair. By placing in front of the eyes red 
and green glasses complementary to each other, 
the red beam is extinguished by the green filter 
so that the eye, seeing through the green filter, 
sees only the image projected with green light, 
whilst, for the same reason, the other eye, looking 
through the red filter, sees only the image 
projected with red light. 

Soon after this publication, Rollmann claimed 
the priority of a similar process for the projec- 
tion of stereoscopic pictures (§ 951). 

Many attempts have been made to reduce the 
fatigue resulting from the very different sensa- 
tions experienced by the two eyes by using, both 
on the projectors and on the analysing glasses, 
complementary filters of nearly neutral tints. 
F. E. Ives in 1896 claimed to have succeeded 
in making two filters practically uncoloured, 
one transmitting the extreme red and a narrow 
band in the middle of the green, whilst the other 
transmitted two other spectral groups, one, on 
both sides of the yellow, and the other in the 
blue- violet region. The same results were 
obtained about 1906 by R. Luther. 

A paper was pubhshed by H. Lehmann (1917), 
describing an apparatus for stereoscopic pro- 
jection of ordinary stereograms in comple- 
mentary colours (by ordinary stereogram is 
meant two black images side by side). A 
projector using an arc and single condenser is 
fitted with two equal prisms joined by their 
edges along the line of junction of the two 
images of the pair, and two lenses of variable 
separation. He also points out that by suitable 
adjustment of the regions of transmission of the 
filters used, so that the transmitted luminosi- 
ties are equal, it is possible to suppress all effect 
of colour in the projection of the pictures in 
black and white, for an observer seeing normally 
in colours, or to project stereograms in colour 
without alteration of their tints. He indicates 
the following liquid filters as fulfilling approxi- 
maUly the al^ve conditions : a solution of copper 
sulphate saturated when cold in a cell 15 mm 
thi^, and a solution of potassium bichromate 
saturated in the cold and acidified with sulphuric 
acid in a cell 10 nun thick. Yellow and slightly 
purplish blue filters, each transmitting a different 
portion of the green and a different portion of 
the red, were made in 1933 by L. Lumidre. 
The visual energy received by the two eyes 
being the same there is no fatigue. These 
filters have been used in stereoscqnc dnemato* 
gr^hy, 

uk method of prelection, employing two 


complementary colours, has been claimed, in its 
application to cinematography, by Grivolas, in 
a patent in 1901, and since then by innumerable 
inventors. The different variations of the pro- 
cess employ either two simultaneous projectors 
or alternate projection of the left- and right-hand 
pictures with the use of suitable colour filters 
on the shutter or alternate tinting of the images 
themselves on the film. 

The stereoscopic "Chinese shadows” (incor- 
rectly called anaglyphs on the programmes of the 
music-halls exhibiting’ this attraction), due to 
L. Hammond (1923), are based on this type of 
projection. Two ordinary projectors situated 
behind the stage illuminate a transparent screen, 
one with red and the other with green light. A 
person or object situated between the projectors 
and the screen appears on the screen as two 
shadows, one in red and the other green. If 
the left-hand projector, relative to the audience, 
has a red filter, and if bi-coloured spectacles 
are worn so that the left eye is covered by the 
red filter, the observer sees in front of the screen 
a single shadow of the object in silhouette. This 
shadow will appear nearer the audience the 
nearer the object is to the projector, and a 
scene will have a greater exaggeration of depth 
the greater the separation of the projectors. 
By reason of the known laws governing the de- 
formation of reconstructed objects when viewed 
stereoscopically under abnormal conditions, any 
object thrown towards the projectors will appear 
to be thrown towards each individual of the 
audience whatever his position in the theatre. 

978. Projection of Anaglyphs. At the same 
time as he applied the anaglyphic method to the 
production of stereoscopic pairs of large size 
on opaque supports (§ 951), Ducos du Hauron 
applied the same principle to the production of 
transparencies for projection. 

^The application of the anaglyph to cinemato- 
graphy was first pointed out, we believe, by 
0 . Gersacsevics and E. Franzos (1907), who 
described the production of anaglypWc film by 
superposition, after suitable toning, of two 
positive films placed gelatine to gelatine, ofhe 
having been printed from a negative back to 
front. Many patents tak^ out since then claim 
the idea, but make use of films coated on both 
sides, as currently used in various two-colour 
cinematograidi processes. 

Vectomphs may be projected successfully 
provided the screen does not depolarize me 
Hght (e.g. as a rule a silver screen is used). 

979. Projeetkm in Polarized Light The 
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of polarized light (§ 122) for stereoscopic pro- 
jections seems to have been suggested first by 
Otto Wiener. It was first put into practice in 
1891 by John Anderton, who showed the pro- 
cess in public in London for some time. The 
projection was made on a screen which did 
not depolarize the light (silver paper mounted 
on cahco). Two projectors were used, one 
beam being polarized horizontally and the 
other vertically by piles of plates, the con- 
struction of which was very minutely described 
in the patent. The projected images were 
examined by means of binoculars fitted with 
similar piles of plates. 

Although this process has been described in 
various periodicals and in a great number of 
treatises on stereoscopy, it has been re-invented 
many times. Its application to cinematography 
was claimed in 1908 by Boris Weinberg. Since 
tho invention of Polaroid this method has 
become much simpler, as the piles of plates 
can now be replaced by single polarizing filters 
both for projecting and viewing. The efficiency 
of the method is improved as well as the 
convenience. 

980. Geometrical Separation of the Two 
Images. About i860 Claudet pointed out a 
process for stereoscopic projection, which, un- 
fortunately was only visible to one person in a 
definite position. The two images are projected 
obliquely on a slightly ground glass, each in 
the direction of the eye to which it corresponds. 
Each eye sees the two images, but one of them 
appears much clearer than the other. 

A more exact arrangement, but of equally 
limited application, was described under the 
name of the " concentration stereoscope *’ by G. 
Jager (1905). The images were projected on a 
lens in such a way that the eyes could occupy 
the conjugate points of the exit pupils of the 
projecting lenses. 

A process suggested in 1908 by £. Estanave 
is a more complete solution of the problem, a 
large number of positions for stereoscopic view- 
ing being possible, but the practical difficulties 
of the stereoscopic screen, i.e. a transparent 
diffuser having in front of it a vertical line 
grating (§ 953), have not permitted of its practicsd 
use. 

98Z. Stereoscopic Viewing of a Pair of Images 
Thrown on a Screen Side Side. The various 
arrangements already described for viewing large 
size stereograms are applicable to a pair of 
images thrown side by side on the screen. 

A stereoscope havii^ two mirrors in front of 


one eye (§ 948) was described in 1899 by J. H. 
Knight for viewing stereoscopic projections. 

The use of Galilean binoculars with variable 
separation of the objectives was proposed in 
1903 by A. Papigny for viewing stereograms of 
large size and for stereoscopic projections. The 
use of this idea for cinematography was claimed 
by Pr^pognot (1904). 

The use of pairs of prisms of adjustable 
orientation was described by Moessard for view- 
ing stereoscopic projections, the two images 
being either one above the other or side by side. 
It is simpler, as was worked out by J. Mac 4 de 
L6pinay, to distribute to each row of the 
audience (or to the people in several consecutive 
rows), a pair of prisms adjusted to the angle 
subtended at each seat by the centres of the 
two images projected on the screen side by side. 

Finally, there is the very simple apparatus 
used in Brussels in 1891 by M. Moulin. Each 
spectator held at some distance in front of the 
eyes a card having a rectangular hole cut in the 
centre through which each eye could only see 
its corresponding picture (§ 944). 

982. Gfmeral ^ecautions. For stereoscopic 
projection to be viewed without special stereo- 
scopes it is desirable that the distance of corres- 
ponding points at infinity in the two pictures 
should equal the separation of the eyes. This 
condition cannot satisfied for anaglyphs 
except for a single degree of enlargement during 
projection. In order to fulfil the condition for 
all degrees of enlargement when projecting 
two separate lantern slides, both the separation 
between the two camera lenses and the pro- 
jector lenses should be equal to the separation 
of the eyes. 

Practical experience has shown that certain 
conditions must be fulfilled in order to avoid 
the fatigue to the viewer which results when 
the eyes are forced to accommodate and converge 
on different distances. The front planes of 
the plastic image should be situated at a 
distance in front of the screen no nearer to the 
observer than one half of the screen distance. 
This means that on projection with lenses hav- 
ing parallel axes, the front plane of the plastic 
image (the front plane for which the pairs of 
corresponding points coincide, and which is 
identical with the screen surface) recedes into 
the plastic image more and more the higher 
the degree of enlargement. Thus the plastic 
image extends more and more in front of the 
screen. The operating conditions should pre- 
ferably be such that the whole of the p]i^t|c 
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image is situated behind the screen, thus 
giving the illusion of viewing the scene through 
a window placed in the plane of the screen 
(J. T. Rule, 1941). 

If a close-up object is projected (especially 
in cinematography), there is a risk that the 
plastic image is situated very far in front 
of the screen. This can be avoided, if the 


distance between the taking lenses is reduced 
or if they are made to converge. With both 
methods the object may appear to be badly 
distorted. 

It is essential to take into account always the 
deformations of the plastic image discussed in 
§§ 939 and 940 and the placing of the edges of 
the pairs of images (§ 967). 
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PART 6 

COLOUR PHOTOGRAPHY 


CHAPTER LI 

PRINCIPLES OF COLOUR PHOTOGRAPHY 


983. Introduction. We have seen in Chapter I 
that colour exists only in the observer’s brain 
and — ^in normal humans at least — the whole 
appreciation of colour is based on a system of 
thro stimuli. The accuracy of colour apprecia- 
tion of people with normal vision is extra- 
ordinarily high. Indeed few physical instru- 
ments can measure colour more closely than 
the human eye can match sample colours held 
side-t^-side. 

Since colour vision is dependent on only 
three colour stimuli it is theoretically pc^ible 
to reproduce any visible colour by a mixture 
of suitable red, green, and blue lights and it is 
upon this principle that all practical processes 
of colour photography (with the exception of 
the Lippmann l^ocess. which will be considered 
separately) depend. 

984. Additive Colour Systom. In i860 Clark 
Maxwell gave the first practical demonstration 
of a process of colour photography. His method 
was to photograph a coloured object three 
times, once through each of three filters, red, 
gieen, and blue passing bands of wavelengths 
approximating to 4 he sensitivity bands of the 
receptors in the eye. From the three negatives 
(nowada3rs known as a separation set”) he 
made three lantern slides which were projected 
by three magic lanterns so that the three images 
on the screen fell in superimposition. Over the 
lenses of the lanterns, the three taking-filters 
were positioned, the red filter for the lantern 
prmecting the slide from the red-filter negative, 
ana so on. Maxwell showed that the principle 
was correct but he was hampered by lack of 
colour-sensitive plates. Colour photography 
had to wait for the invention of panchromatic 
{dates before the perfectly sound early theoreti- 
cal work of Maxwell, Cros, du Hauron, and 
others could be put to proper practical test. 

theoiy of Maxwell’s system is simple. 
The separation negatives are records of the 
amounts M nd, green, and Idue light being 
reflected from ibt original subject (or trans- 

jte 


mitted in the case of such a subject as a stained 
glass window). Positive transparencies made 
from the negatives pass red, green, and blue 
light in proportion to the amounts which were 
reflected by the original so that the mixture of 
the three modulated light beams reflected by 
a white screen is a good reproduction of the 
original. Whites in the original are represented 
by clear, or nearly clear, areas on all three 
positives. Thus a large amount of red, green, 
and blue light reaches the screen in that area 
and the additon of the three colours gives a 
white. This is the reason for the term 
’’Additive System.” 

Of course, the accuracy of the reproduction 
depends on the accuracy of the filters, accuracy 
of exposure and development of the negatives 
and positives, and proper balance of illumina- 
tion in the lanterns. In order to get the correct 
spectral transmission in a blue filter, for example, 
it is necessary to make it rather dark so that not 
only would the exposure required for the blue- 
filter negative probably be long compared with 
the others but also more light would 1^ required 
in the blue-filter lantern to bring the final 
reproduction into balance. There are, of course, 
limitations to the brightness range of the 
original subject which can be correctly recorded 
at the same contrast, just as there are in 
monochrome photography and for the same 
reasons. However, providing that these limita- 
tions are borne in mind when the photograph 
is taken, the accuracy attainable by this systw 
is very high indeed. 

9B5. Obviously the three-lantern system is 
hopelessly clumsy for normal use and attention 
was turned to the possibility of achieving the 
same result in a neater way. F. £. Ives invented 
an instrument which he called a Kromoscc^. 
In this instrument the three monochrc^ 
transparencies were illuminated by a single 
light source and were reflected by a systen^ of 
sm-traiu^arent mirrors, so tlmt the three 
images could be seen fused togetlmr oh a ground 
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glass screen. The colour filters were placed in 
suitable positions in the optical system. Again, 
good colour reproduction was attainable but 
the special piece of optical apparatus was 
required for viewing. 

986. Screen Plates. Another solution to the 
problem which, in an improved form, has sur- 
vived as a practical system is the “Screen- 
plate" process. In the early forms of this 
process such as the "Autochrome" process, 
starch grains were dyed red, green, and blue to 
make tiny colour filters. Equal quantities of 
the three colours of grain were then thoroughly 
mixed and sifted on to a glass plate which had 
been prepared with an adhesive to retain them. 
This resulted in a glass plate covered all over 
with a random distribution of tiny three- 
colour filters, and the interstices between the 
grains were filled with an opaque medium. On 
top of the filter layer or "r^seau" as it was 
called, was coated a layer of panchromatic 
emulsion. The plate was exposed in the camera 
with the glass side towards the lens so that the 
light had to pass through the filters to reach 
the emulsion. The plate was processed by a 
reversal method to give a positive image. This 
resulted in a transparency in colour because the 
individual colour elements were sufficiently 
small to be confused in the eye at normal 
viewing distances. Where there was a red 
t»bject in the original subject there would be an 
area of red light focused on the plate by the 
camera lens. The red light would pass through 
the red filter elements in that area and expose 
the emulsion behind those elements. The emul- 
sion behind the blue and green elements would 
be unaffected. After reversal processing, the 
gelatine of the emulsion la3rer would be clear 
behind the red elements and opaque behind the 
blue and green elements. Thus, that area of 
the transparency would be seen as red. Where 
there was a yellow object focused on the plate, 
the yellow light would pass through both the 
red and green elements but would be stopped 
by the blue elements. After reversal processing, 
the blue elements would be blocked out by a 
silver densiW whereas the red and green elements 
would be clear. At normal viewing distances 
the tiny red and green dements would be con- 
fused in the eye and appear as ^ow. Similarly, 
a combination of varymg densities stopping out 
the three differently coloured elements would 
reproduce all the various colours in the original 
subject. 

Numerous forms of the "screen-plate" process 


have been put on the market but the substitu- 
tion of ruled screens of coloured elements for 
the grain r^seau is the principal improvement 
which has been introduced. So far, the finest 
ruled screen produced is that used in Dufay- 
color Film which is still in regular use. Another 
variation of the system which enjoyed popularity 
for a long time made use of separate ruled 
screens for taking and viewing. The taking 
screens were used in contact with the emulsion 
of a standard panchromatic plate, and could be 
used over and over again. The exposed plate 
was developed to a negative and a positive 
transparency was made from it by contact. 
The positive was bound in register with a 
screen, rather similar to the taking screen, to give 
the final colour transparency. This system had 
the advantages that only successful pictures 
had to be bound with a screen so that failures 
involved only the cost of a panchromatic plate, 
and that as many duplicate colour transparen- 
cies as required could be made from each 
negative without loss in quality. 

987. Although, at first sight, it might appear 
that accuracy comparable to that of the three- 
lantern system should be possible with a screen- 
plate process, there are certain factors whic.h 
tend to reduce accuracy. Since a screen plate 
reproduces, say a red, by blocking out the green 
and blue elements entirely, it is clear that only 
one third of the total area of the transparency 
is transmitting light. For this reason additive 
transparencies are always rather dense. More- 
over it is necessary that the red, green, and blue 
filter elements should appear equally bright in 
order to give the correct co^ur balance. This 
involves some sacrifice of ideal taking-filter 
characteristics and the accuracy of colom 
reproduction is thus reduced. Since the indivi- 
dual r&eau elements are very small, irradiation 
in the emulsion causes the image behind one 
element to spread slightly behind adjoining 
elements. This reduces the colour saturation 
of the final transparency. Edge effects in de- 
velopment also cause de-saturation. Neverthe- 
less from the point of view of colour accuracy, 
the results obtainable with Dufaycolor are equal 
to any other stra^tforward process at present 
commercially available. 

988. Lentkular ProoesM. One other process 
of additive colour photography should be 
mentioned. This is the knticular proce^ typi- 
fied by the old process of Kodacolor which was 
marketed for amateur cin^ photogra^y in the 
early 1930s (not to be confum witii the modern 
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Kodacolor process which uilJ be described 
later, §992). 

The lenticular process involves the use of 
a film coated with a normal panchromatic 
emulsion on one side and embossed with a 
pattern of cylindrical lenticules or minute lenses 
on the other side. A filter consisting of bands of 
red, green, and blue is placed over the taking 
lens. The film is expo^ through the base 
side and each of the tiny lenses on the base 
images the banded filter behind it. In an area 
corresponding to a red in the original subject 
a minute image of the red band of the filter 
will be formed but no light will reach the emul- 
sion from the blue and green bands. The film 
is processed by the reversal method to give a 
direct positive so that there will be minute 
clear areas corresponding to the tiny red images 
of the filter band and there will be opaque areas 
corresponding to the images of the blue and 
green bands. The positive is projected on to a 
screen with the taking-filter over the projector 
lens with the coloured bands orientated in the 
same way as they were on the camera lens. 
White light will pass through the tiny clear 
spaces in the positive and will be directed by 
the little embossed lenses so that it passes 
through the red band of the filter over the lens 
and gives rise to a red area on the screen. Simi- 
larly, in an area corresponding to a yellow area 
in the original subject, tiny images of the red 
and green bands will be focused on the emulsion 
so that when the film is reversal-processed, there 
will be clear areas corresponding to the images 
of the red and green bands and an opaque area 
corresponding to the image of the blue band. 
Then, when the film is projected, white light will 
pass through the clear areas and be directed 
through the red and green bands to be thrown 
on the screen as a yellow area. This process 
is cai^ble of giving good results but one out- 
standing difi&culty is distortion of the film base 
during processing and drying. Obviously if 
the spacing or curvature of the embossed lenses 
changes between exposing and projecting, the 
light will no longer pass exactly through the 
correct filter bands when the film is projected 
and the colour accuracy will suffer. 

All the additive processes depend on adding 
together varying amounts of red, green, and 
blue light to reproduce the wide range of 
visible colours. The additive s)rstems will 
yidd only transparencies and a different system 
w to be used for colour prints on paper. 

969. S uteac the System. In subtractive 


systems of colour photography the basic object 
is still to control the amounts of red, green, and 
blue light reaching the eye, but this is achieved 
in a different way. Positive images are made 
from colour separation negatives, made exactly 
as for the additive system, but are in some way 
made in colours complementary to the negative 
taking filters. That is to say, a positive in blue- 
green (normally known as “cyan") is made 
from tlie red-filter negative, one in blue-red 
(“magenta") from the green-filter negative, 
and one in yellow from the blue-filter negative. 
These three positives, which niay be trans- 
parencies or prints, are then superimposed to 
give the final result in full colour. 

It is perhaps unfortunate that such a sharp 
distinction between additive and subtractive 
processes has been drawn in the past, because 
this division has tended to obscure the fact 
that both systems achieve the object of con- 
trolling amounts of red, green, and blue light, 
only in rather different ways. The cyan positive 
from the red-filter negative should, ideally, be 
of such a colour that, in the strongest parts, 
all the red light incident upon it should be ab- 
sorbed and aU the blue and green light incident 
upon it should be reflected (or transmitted). 
With an image of such ideal cyan colour the 
darkest parts would reflect no red light, but in a 
middle-tone — which is in effect the cyan colour 
plus white — a proportion of the red light 
together with all the green and blue light would 
be reflected and in a very light tone, most of the 
red light together with in of the green and blue 
light would be reflected. In other words, the 
variable-concentration cyan image should con- 
trol the reflection (or transmission) of the red 
component of the incident light. Similarly, 
the magenta positive from the green-filter 
negative should be of such a colour that in its 
darkest parts it would reflect all of the incident 
red and blue light and absorb all the incident 
green light; its varying concentrations would 
control the reflection (or transmission) of green 
light. The same applies to the yellow positive 
from the blue-filter negative which should be 
of such a colour that in its darkest parts it 
would absorb all the blue light and reflect all 
the red and green light incident upon it. 

A clear understanding of this explanation 
is necessary and it is therefore considered 
worth while dwelling a little longer on the 
relationship between additive and subtractive 
systems and to use an ingenious illustration 
mrst given by £« R. Davies. Imagine three 
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lanterns set up to project in register mono- 
chrome positive transparencies made from a 
set of separation negatives and with the appro- 
priate red, green , and blue filters over the lenses 
(i.e. the classical Maxwell additive set-up). 
The picture on the screen should be a good 
colour-reproduction of the scene originally 
photograptied. Now imagine it were possible 
to take the transparency from the "red” 
lantern and slide it down the beam until it 
laid in the plane of the screen. Clearly, the 
monochrome transparency would spoil the image 
on the screen but it would still be possible for 
it to fulfil its function of modulating the red 
light from the red lantern without interfering 
with the picture if its image were altered from 
black to cyan. The picture on the screen would 
now be as it was when the transparency was 
in the lantern. Similarly, the transparency from 
the "green” lantern could be placed on the 
screen if it were changed to magenta colour 
and lastly, the transparency from the "blue” 
lantern could be placed on the screen if its 
colour were changed to yellow. All three 
positives would now be on the screen and 
illuminated by unmodulated red, green, and 
blu(‘ light from the three lanterns. However, 
the three lanterns could now be switched off 
and a white light switched on, still without 
changing the picture. This shows clearly that 
the fundamentals of the additive and subtrac- 
tive systems are the same. 

9^. From what has been said it will be 
obvious that subtractive processes depend on 
making photographic images cyan, magnenta, 
and yellow in colour. There are many ways of 
doing this but all depend on making colour 
separation negatives in one form or another. 
One of the earliest printing methods was the 
"carbon” process. A full description of the 
Carbon process for monochrome photography 
is given in Chapter XLV, on pigment processes, 
and it is shown there that it is possible to make 
prints in a wide variety of colours. Pigment 
papers are commercially available for making 
“Tri-chrome Carbon” prints and the method 
of using them is exactly as described in Chapter 
LI 1 1. Separation negatives are made from the 
original subject and, the red-, green-, and blue- 
filter negatives are r printed by contact on sheets 
of sensitized pigment paper cyan, magenta, 
and yellow in colour respectively. After exposure 
the pigment papers are wetted and mount^ 
on three separate pieces of waxed celluloid 
for hot water development. After drying one 


of the three images is squeegeed on to a sheet 
of wet, gelatine-coated paper, and dried. When 
the paper is dry the gelatine image strips from the 
waxed celluloid and remains on the paper which 
is re-wetted and brought into contact with the 
second celluloid. The two images are brought 
into register by viewing through the celluloid 
and the paper is squeegeed down firmly. The 
double print is dried and stripped and the third 
colour is registered, dried, and stripped to give 
the finished print. 

991. A similar set of pigment papers can be 
used to make colour prints by the "Carbro” 
method (§ 843). In this case, three bromide 
prints are made from the separation negatives 
and from these "Carbro” prints are made in the 
appropriate coloured pigment papers and de- 
veloped on waxed celluloids. The assembly 
of the finished print is the same as from the 
Carbon process. Various other methods have 
been proposed for using the principle of sensi- 
tization of colloids by bichromates in the 
production of colour prints. For instance, three 
sheets of celluloid may be coated with 0 layer 
of bichromated glue, dried and exposed through 
the base by contact one behind each of a set 
of separation negatives. The glue which remains 
still soluble and the remaining unchanged 
bichromate can then be washed away in cold 
water, leaving reliefs of hardened glue whose 
thicknesses are inversely proportional to the 
densities of the separation negatives. The 
relief from the red-filter negative may then be 
dyed in a solution of a cyan acid dye, the 
green-filter relief in a magenta dye solution, 
and the blue-filter relief in a yellow dye solu- 
tion. The three reliefs may then be dried and 
cemented together on a sheet of white paper 
to form the finished print, or « the dye can be 
transferred, in register, on to a single sheet of 
paper which has been coated with gelatine 
containing a mordant (e.g. aluminiuni sulphate). 
A slightly different method is to incorporate 
appropriately coloured pigments in the bichro- 
mated glue before coating ; it is then necessary 
to cement the three celluloids together to obt^n 
a print. 

There are many methods of obtaining the 
coloured images which are based on the use of 
silver halide emulsions for making the basic 
positives. For instance, suitably coloured 
pigments may be incorporated in unhardened 
ordiinary "positive” type emulsions and coated 
on stripping-film base. A sheet of cyan pig- 
mented film is exposed, through the base, 
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behind the red-filter negative, magenta pig- 
mented film behind the green-filter negative 
and yellow pigmented film behind the blue- 
filter negative. After exposure, the three films 
are devdoped in a tanning developer (a develo- 
per whose reaction products tan the gelatine 
imagewise in proportion to the amounts of 
silver developed) and then washed out in hot 
water to remove the remaining soluble gelatine. 
The silver is then bleached and the three indivi- 
dual coloured images are stripped and registered 
together on a single sheet of white paper. 

Reliefs suitable for dyeing can be made on 
films coated with unhardened ‘'positive* '-type 
emulsions. Such emulsion layers usually in- 
corporate a water-soluble screening dye to 
restrict penetration of the exposing light. As 
most films of this type are blue-sensitive only, 
yellow dye is usually suitable for this purpose. 
In any case the screening dye should wash 
out during processing. Three sheets of film 
are exposed through the base behind the three 
separation negatives, developed in a tanning 
developer and washed out in hot water to give 
reliefs for subsequent dyeing. An alternative 
procedure is to develop the films in an ordinary 
non-tanning developer, bleach the silver in a 
tanning chromium bleach and wash out in hot 
water. This, again, yields a set of reliefs ready 
for dyeing. 

Three pieces of stripping film may be exposed 
behind the three separation negatives, devel- 
oped and the silver images converted to the 
appropriate cyan, magenta, and yellow colours 
by metal toning. The three images are then 
stripped and registered together on a piece of 
paper to give the final print. Alternatively, 
the three films may be developed in “colour- 
oompling" developers to give the appropriate 
cdours. “Colour-coupling" developers are so 
compounded that the oxidation products of 
the developing agent combine with a substance 
known as a coupler to give a coloured dye 
which stains the gelatine of the emulsion in 
proportion to the amount of silver developed 
at each point. 

Yet another way of converting silver images 
to dye images is the dye-mordanting process. 
In this case the silver images are bleached in a 
bleaching solution which forms a silver com- 
pound capable of fixing or "mordanting" 
baste dyes. Silver iodide, for instance, possesses 
tins jproperty. It is po^ble to find basic dyes 
to give colours approximating to the required 
magenta, and ydlow. 


992. The processes described so far have all 
been known, in principle at least, for a long time 
and they depend on separation negatives made 
on separate plates or films. A more recent 
development is the so-called "integral tri- 
pack" system of making subtractive trans- 
parencies in which the set of three separation 
negatives is made on a single film coated with 
three different emulsion layers. The films are 
coated, first with a highly red-sensitive pan- 
chromatic emulsion which is, however, insensi- 
tive to green light. On top of this layer is 
coated a layer of orthochromatic emulsion ; 
over this is coated a layer of gelatine dyed 
yellow and, finally, on top of that a layer of 
blue-sensitive emulsion. This "tri-pack" mate- 
rial is exposed in the camera with the emulsion 
side towards the lens and, when it is developed 
there is, in effect, a set of three separation 
negatives in a pile. Only the red light reaching 
the film can affect the bottom layer because it is 
insensitive to green, and blue light will not 
reach it because the yellow filter layer will not 
pass blue light. Thus the bottom layer, after 
development, will be a red-filter negative. 
The green light reaching the film will affect 
only the middle emulsion layer because it is 
the only green-sensitive layer; on the other 
hand the middle layer will not be affected by 
red light because it is insensitive to red, and blue 
liglit will not reach it because of the yellow 
filter layer. Thus, the middle layer, after 
development, will be a green-filter negative. 
The blue light reaching the film will affect 
only the top layer because it is the only layer 
above the yellow filter; on the other hand it 
will not be affected by red or green light because 
it is blue-sensitive only. Thus the top layer, 
after development, will be a blue-filtef negative. 

For these negatives to be any use it is neces- 
sary to convert then into colour positives in 
situ. This can be done in two main ways. The 
first method is to develop the film in an ordin^ 
developer to produce the three sej^ation 
negatives and then to expose the film uniformly 
to red light from the back. Thu will expose 
the parts of the bottom emulsion which were 
unaffected by the first exposure and development 
but will not affect the other layers whi^ are 
insensitive to red light. The next stage is to 
develop the film in a cyan colour-coupling 
developer; all the silver in the bottoin la^ is 
now developed but, in addition, the gelatme of 
the bottom layer contains a positive cyan dye 
image formed during the second development 
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The film is now exposed to the blue light from 
the front. This exposes the parts of the top 
emulsion which were unchanged by the first 
exposure and development. The next stage is 
to develop the film again in a yellow colour- 
coupling developer; all the silver in the top 
layer is now developed, but in addition the 
gelatine of the top layer contains a positive 
yellow dye image. The film is next developed 
in a fogging magenta colour-coupling developer 
which affects only the parts of the middle 
layer which were unaffected by the first exposure 
and development, since this is the only part of 
the three emulsions which has not already been 
developed. Thus all the silver in the middle 
layer is now developed, but in addition the 
gelatine of the middle layer now contains a 
positive image in magenta dye. Finally, the 
silver is bleached in a solution which also 
decolorizes the yellow filter layer but does not 
affect the dye images. The finished result is a 
transparency in M colour. Kodachrome is a 
film of this type, and so is Ilford Colour film, 
although the latter material varies slightly 
from this general description in both its manu- 
facture and processing. Integral tripacks of 
this type are invariably processed by the 
manufacturers. 

The second method of carrying out the 
“integral tri-pack" process is more complicated 
for the emulsion -maker but much simpler to 
process. The film is coated, as before, with 
the three differently sensitized emulsion layers, 
but this time the colour couplers are incorporated 
in the emulsion layers; the cyan coupler in 
the red-'sensitive layer, the magenta in the 
green-sensitive layer, and the yellow in the blue- 
sensitive layer. The film is exposed as before 
and developed to a negative in an ordinary 
developer. It is then exposed to white light and 
re-developed in a developer compounded to 
react with the couplers in the emulsions. In 
this second developmcpit all the remaining 
silver is developed and, simultaneously, the 
dye images are formed in the appropriate 
layers, Finally the silver and the yellow dye 
layer are bleached out to leave the transparency 
in full colour, ^facolor, Anscocolor, Ekta- 
chrome, Ferraniacolor, and Gevacolor are mate- 
rials of this type. The method adopted to 
prevent the couplers diffusing from thdr 
wropriate layer is different in the case of 
Ektachrome to the other four, all of whidi are 
based on the Agfacolor process. 

It is poa^ to apply the same principle 
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to the production of prints. One method 
(Ansco Printon) is to coat a white acetate film 
in a similar way to that already described and 
to expose it by projection to an "integral 
tri-pack" transparency. The film is processed 
in a similar manner to that described but, 
since the film base is white, the finished film 
can be viewed by reflection as a print. It has 
not so far been found possible to carry out the 
reversal processing necessitated by this method 
on a paper base. 

An alternative method is to develop to a 
colour negative, the "integral tri-pack" film 
which is exp)osed in the camera. That is, to cut 
out the stage of first development in the ordinary 
developer and to develop the film straight away 
in the colour developer, bleaching the silver 
and fixing out the remaining unexposed silver 
halide. This results in a negative in dyes which 
is not only negative as regards black and white 
but also represents all the colours of the original 
subject by their complementary colours. Such 
a negative can be printed directly on paper 
coated with the tri-pack emulsions. This 
material, again, is developed directly in the 
colour developer to give, after bleaching the 
silver, a print in full colour. Since there is uo 
reversal processing of the print it is possible to 
make the material on a paper base. The modem 
Kodacolor process works in this way as does 
Ektacolor. Ektacolor, however, is intended for 
print making by a modification of the Dye 
Transfer Process. 

The outstanding advantage of the "integral 
tri-pack" S5rstem is the fact that the colour 
separation is made in one exposure in an ordinary 
camera, and films made for this purpose, al- 
though slow by the standards of monochrome 
photography, are fast enough for action photo- 
graphy. If it is desired to make prints by one 
qf the methods described, it is always possible to 
make ordinary separation negatives from a 
colour transparency. The methods of doing 
this will be described in detail in Chapter LII 
on Separation Negatives. 

As has been mentioned, only the subtractive 
processes can be used for mal^g colour prints 
on paper. They are also useful for making 
colour transparencies and these have the 
advantage that they pass at least three times 
as muchiight as additive trax^parendes and that 
they have no r^seau to impair their defimtion. 

993. The outstanding disadvantage of the 
snbtractive processes is the unfortunate fact 
that there are no dyes or pignuts known whidi 
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fulfil the theoretical requirements of the cyan 
and magenta printing colours. In general, 
available yellows are fairly satisfactory but 
the best cyan colours absorb green light to a 
serious degree and the best magenta colours 
absorb seriously in the blue. Thus the accuracy 
attainable by subtractive systems with available 
materials is inferior to that obtainable by additive 
systems. This will be referred to again in the 
chapter on Separation Negatives. 

The integral tripack known as Ektacdlor, 
referred to earlier, attains a rather higher 
accuracy of reproduction by the provision of 
integral masking {§ 1005). This is achieved by 
the use of couplers which are themselves 
coloured, their inherent colour being destroyed 
as the normal coupling action takes place. 

The inherent colours of the couplers are 
chosen so that the coupler which remains unused 
after processing serves to cancel the unwanted 
green and blue light absorptions of the cyan 
and magenta dyes. This gives the complemen- 
tary colour negative an odd appearance but 
results in prints of improved accuracy. 

994. The Lippmann Process. This obsolete 
process is the only one which does not fall 
naturally into the category of either an additive 
or a subtractive process. It was carried out by 
exposing a panchromatic plate, the emulsion of 
which was s^ost transparent, with its emulsion 
surface in contact with a metallic mirror. This 


was achieved by building special dark slides 
which allowed mercury to be run in behind the 
plates in order to ensure optical contact between 
the emulsion and metallic reflecting surface. 
Light passed through the emulsion and was 
reflected back by the mercury surface, but the 
light on the return passage through the emulsion 
layer was out of phase with that nn the first 
passage. Thus an interference was set up and 
this resulted in the emulsion layer bt?ing ren- 
dered developable where the peaks of the waves 
coincided. The distribution of the image througli 
the thickness of the emulsion layer when tlie 
plate was dcvelojxjd, was therefore dependent 
on the wavelength of the exposing light at 
every point on the picture. The developed 
negative was backed up with a mirror and 
viewed by reflected light. When the plate was 
illuminated and \iewed at the correct angle 
the picture was seen in full colour. At every 
point in the picture light of all wavelengths, 
other than those which gave rise to the image, 
was absorbed. Those wavelengths which could 
go through the image and, after reflection, 
come back through the image, gave the correct 
colour sensation. From a scientific point of 
view this is an extremely elegant process but 
in practice it is not very useful. Not only are 
the taking and viewing conditions critical and 
difficult to satisfy but emulsions of sufficient 
transparency are very slow. 



CHAPTER LII 

SEPARATION NEGATIVES 

995. General. All methods of making colour be brought to the correct tem^perature (68T is 
prints depend on separation negatives. There convenient) and pouted into the tank. The 
are a number of different ways of making temperature should be checked in the tank 
separation negatives but certain basic prin- just before development is commenced. The 
ciples apply to them all. It is most important nearer the room temperature can be adjusted 
that all the negatives in a separation set to the development temperature, the simpler 
sliould have the same rontrast and should make the problem of maintaining solution tempera- 
use of the same part of the characteristic curve turcs becomes. Where large volumes of separa- 
of the negative material. To facilitate the tion negative work arc to be handled, it is 
achievement of these requirements a reference 'highly desirable to arrange for close control of 
scale of greys should always be included in the room temperature. Alternatively, the develop- 
siibject in a ix)sition near one edge so that it ing tank or tanks may be stood in a large tank 
can be trimmed off the final print without of water at the correct temperature. After 
spoiling the picture. This grey scale or "wedge” checking the temperature the lights are turned 
should range from white to black and should, off and the plates are loaded in the developing 
ideally, be recorded identically in the three rack in total darkness. The plates must be 
negatives. To achieve this it is necessary to loaded systematically so that the negatives 
determine accurately the filter factors for the taken through the different filters may be with- 
three filters and, since the contrast of most drawn from the developer at different times, 
emulsions varies with the colour of the exposing The rack is slid steadily into the developer and 
light, to adjust the development times for the agitated vigorously for a few seconds in order 
three negatives. to dislodge any air-bubbles. The rack should l»e 

Very great care in exposure and development left still for one minute and then lifted clear 
IS absolutely essential. The foundation of a of the solution and replaced. This should be 
good colour print is a good set of negatives, repeated every minute throughout the develop- 
It is desirable to determine the filter factors ment time but no other agitation should be 
and development ratios for each batch of plates given. When the shortest development time has 
as there is often a marked difference between elapsed (this will be for the red or green filter 
different batches of the same product. For this negatives according to the particular material 
reason it is most economical in time and in use) the appropriate negatives should be 
material to buy the sensitive material for lifted out of the rack and quickly slid into a 
negative-making in batches large enough to stop-bath of 2 per cent acetic acid. The plates 
last for, say, six months’ work. should not be rinsed in plain water because 

996. Developing. It is essential to standardize development would continue and tend to give 
development conditions to a degree which is erratic results. The rest of the negatives should 
unnecessary in ordinary monochrome work, be withdrawn from the developer at the appro- 
It is normally advisable to develop the three priate times and placed in the stop bath. All 
negatives of a separation set simultaneously in the plates should then be transferred to the 
order to minimize variations in contrast due to fixing bath for fixing in the usual way. After 
variations in temperature and agitation con- thorough washing the plates should be placed 
ditions. Negatives up to 5 in. x 4 in. are most in a di^Tng rack so that all the imag^ in a set 
conveniently developed in tanks. A small are the same way up. This is very important 
tank with a rack to take one dozen plates is because slight variations in density are likely 
convenient and may be used to devdop four to appear between those parts of the negativ^ 
sets of negatives simultaneously. A metol- which dry first and those which dty l^t. This 
hydroquinone tank developer is probably the is unimportant if the variation is the same 
most satisfactory and its dilution should be on all the n^atives in a set, but if there a^ 
adjusted so that the development times are differences between them, the uneyeness is 
between 5 and 10 minutes. The developer should liable to show in the finished print, ine 
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developer and stop bath should be discarded 
after use. 

Negatives larger than 5 in. x 4 in. are usuaUy 
developed in d^es. It is desirable to have a 
dish for each negative and, in order to ensure 
equal agitation throughout the set, the three 
dishes should be arranged side by side on a single 
board fitted with rockers similar to a rocking 
chair. Sufficient developer for the three dishes 
(500 ml for each 10 in. x 8 in. dish) should be 
brought to correct temperature in a jug and 
then poured into the di^es. The temperatures 
should be checked in the dishes. Temperature 
control is very much more difficult in dishes 
than in a tank so that it is almost essential 
to bring the room temperature to somewhere 
near the development temperature ; otherwise 
it may be found that the developer has gone 
up or down several degrees during development. 
Tliis would make it ve^ difficult to get exactly 
the desired contrast in the negatives. It is 
difficult to put three plates into the dishes 
simultaneously so the most convenient method 
is to put them in at intervals of about 30 seconds 
starting with the blue-filter negative which will 
require the longest time. Care must be taken 
that the intend chosen do not result in the 
necessity of removing the three plates simul- 
taneously as this is impo^ble for a single 
operator to achieve. The dishes on the rocker 
should be rodeed continuously but irregularly 
and an occasional lengthwise tip should be given 
to the rocker in ord^ to set up cross currents 
in the dishes thus avoiding regular waves which 
would result in patchy development. As each 
plate is removed from the developer, it should 
be placed in a stop bath and then transferred 
to &e fixing bath. 

Control Methods. While it is undoubtedly 
possible for very experienced operators to judge 
the balance of separation negatives, provid^ 
a my scale is induded, this is very difficult 
and never very certain. It is highly desirable 
to make use of a densitometer in establishing 
the optimum conditions of exposure and 
devdopment for a particular batch of material 
and for checking sets of negatives as they are 
made. 

The best way of establidiing filter factors and 
devdopment ratios for a batch of negative 
mataiai k .first to plot a gamma-time curve 
(I under the conditions to be used in prac- 
&e. If both tank and dish devdopment axe 
to be emdoyed, the gamma-time curve must 
be plotted teb^ conditions. Next, a neutral 


step wedge should be photo^phed three times, 
once through each of the tn-colour filters using 
the filter factors quoted by the manufacturer 
of the sensitive material. The three negatives 
should be devdo^ for the time necessary to 
give a gamma approximately suitable for the 
printing process to be used and giving 25 per 
cent extra devdopment time to the blue-filter 
negative. When the negatives are dry, the 
densities of the wedge steps should be measured 
on all the negatives and these densities should 
be plotted against the densities of the original 
wedge. The ideal is to make the curve for each 
of the three negatives fall exactly on top of the 
others. It is very unlikely that this will be the 
case in the first experiment but, by reference 
to the negative curves and the gamma-time 
curve, it is fairly simple to estimate the adjust- 
ments in exposure and development nece^ary 
to get dose to the ideal. A second set of negatives 
should now be made with the corrected expo- 
sures and development times and their reproduc- 
tion curves plotted. This time the curves should 
be very dose together but it may still be 
necessary to make some minor adjustments. 
If more than one type of light-source is to be 
used for making negatives, e.g. daylight and 
tungsten filament lamps, it is necessary to 
determine the filter factors for each set of 
conditions. Provided that this initial testing 
work is carefully carried out and that exposure 
and devdopment conditions are always care- 
fully controlled, it should be possible to obtain 
properly balanced negatives every time. How- 
ever, it is desirable to check the balance of 
every set as it is made, by taking density 
measurements on the two end steps of the 
wedges on each negative. 

9^. Balance and Register. In all separation 
negative work it is very important to avoid 
mixing lights of difierent qualities for making 
the exposures. For instance, in studio work no 
daylight must enter and it is not permmble 
to mix arc spots and tungsten general lighting. 

Obviously it is importfuit that all the nega- 
tives in a set diall be exactly the same size so 
that prints made from them shall register 
when assembled together. Many lenses which 
are satisfactory for monochrome photography 
are unsuitable for colour sepa^on work 
because they give images of difierent sizes 
through the thr^ filters. A high-grade apoohro- 
matic lens should therefore be chosen for cdonr 
work and should be tested for regiiter before 
use. mters for iq>aration work should be 



SEPARATION NEGATIVES 


569 


cemented between optical flats and supplied 
as matched sets, or in the form of thin gelatine 
films, otherwise they will upset the negative 
register even with a good lens. Gelatine filters 
are very much cheaper than optical flats, but 
are easily damaged ; they must be renewed as 
soon as they become marked or buckled. 

9^. Methods of Exposure, (i) Using an 
Ordinary Camera, The method of exposing 
separation negatives which requires the least 
specialized equipment is to take three negatives, 
one after the other, in an ordinary camera. 
Obviously, only inanimate objects can be 
photographed in this way and the camera 
must be very rigidly mounted on a tripod. 
Landscapes can photographed on still days 
but if there are sharp shadows it is important 
to complete the three exposures within five 
minutes otherwise colour fringing due to move- 
ment of the shadows with the Earth's rotation 
will become obvious in the finished print. Field 
cameras are most convenient for this work but 
any rigid plate camera will do, provided it is 
fitted with a suitable lens. The darkslides 
should be checked for register and, if necessary, 
adjusted until they all hold their plate in 
exactly the same plane. Cut sheet films can 
be used in place of plates if desired, in which 
case they should be loaded in film sheaths, 
(jreat care should be taken that there are no 
bulges in the film. It is possible to use a roll- 
tilm camera, winding the film on between each 
exposure, but generally speaking this is not very 
desirable because it is not convenient to develop 
the three negatives for different times. If the 
negatives on a roll-film are developed all for 
the same time they will differ in contrast so 
that it is necessary to compensate for this in 
the printing process. Generally speaking, this 
is not desirable. 

Tri-colour Mters are supi^ed by all the lead- 
ing manufacturers of photographic materials. 
Most panchromatic materials as used for ordi- 
nary monochrome photography can be used 
for se|»aration negatives but there are some 
exceptions. For this reason the mak^' 
literature should be consulted before choosing 
a material. 

If gi^tine filters are used, it will 1^ found 
convenient to mopnt them side by side in a 
cardboard frame which can be slid through a 
slotted lens cap. This facilitates handling and 
changing of ^ters without touching their 
delicate surfaces. 

Usually, it is necessary to arrange the lens 


aperture so that the shortest of the three expo- 
sures is not less than five seconds, otherwise 
it is very difficult to time the exposures with 
sufficient accuracy. There is not usually 
available a sufiiciently wide range of shutter 
speeds to allow snapshot exposures to be made 
with accuracy. It is not advisable to change 
the lens aperture to compensate for the different 
filter factors as the depth of field in the three 
negatives would then be different. It is possible 
to combine neutral density filters with the 
colour filters so as to bring all their factors to 
the same value. However, there is no disadvan- 
tage in giving short time exposures because the 
subject must be still to make this method of 
' separation negative-making feasible at all. 

moo. (ii) Repeating Back. It is obvious that 
for many subjects it would be an advantage to 
expose the three negatives in very quick 
succession. “Repeating backs” are made for 
this purpose and consist of a slide fitted with 
three colour filters side by side, each the full 
size of the negative. This slide is fitted on the 
back of an ordinary field camera and may be 
slid into three positions so that each of the 
filters may be centred with the lens. A single 
darkslide holding three plates side by side fits 
behind the filter slide so that three exposnr«^ 
may be made simply by moving the back along 
between exposures. This saves all the time of 
changing darkslides between exposures and 
the whole operation of exposing a set of nega- 
tives in a manually-operated repeating-back 
may be carried out sufiftciently quickly for 
photographing, say, cut flowers. 

Various degrees of mechanization have been 
applied to repeating backs and the “Vivex” 
fully automatic back which was made until 
1939 not only moved the back but also operated 
the shutter to give three cohect ex^ures. 
With this apparatus it was possible to expose 
the whole set in seconds so that living m(^els 
could be photographed. 

Shorter exposures are possible with automatic 
or semi-automatic repeating backs if the “blue- 
filter” separation negative is made on a fast 
blue-sensitive plate with no filter and the 
“green-filter” negative is made on a fast 
orthochromatic plate with a yellow filter. 
The red-filter negative must, of course, still be 
made on a panchromatic plate with a rl^l filto. 
By this method it is mare <^cult to obtain 
three negatives with identical reproduction 
curves than is tiie case when aU three neptives 
are made on ^e same material Idea%, the 
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same “parent” emulsion unsensitised, ortho- 
chromatized and panchromatized should be 
used. In any case it is advisable to consult 
the manufacturer before choosing the materials 
for the purpose. 

1001. (iii) Tri-pack. Naturally, it has always 
been the aim of the colour photographer to be 
able to take colour photographs of action 
subjects and it is the facility with which this 
may be done with one of the transparency 
processes which has been largely responsible 
for their popularity. Inventors have turned 
their attention to methods of making sets of 
separation negatives with one exposure from 
the earliest days of colour photography and one 
solution to the problem, now almost obsolete, 
is the “tri-pack.” 

Three sensitive materials are arranged as a 
pack. The bottom material has an emulsion 
which is highly red-sensitive but insensitive 
to green, and is usually in the form of an anti- 
halation backed plate to give rigidity to the 
pack. The next layer is an orthochromatic 
film coated on a very thin base with an even 
backing of yellow-dyed gelatine. This film is 
placed emission to emulsion with the pan- 
chromatic plate. The top layer is a fast blue- 
sensitive material which may be either an un- 
backed plate or film. This is placed emulsion 
side to the yellow side of the middle film. The 
pack of three materials is exposed from the 
blue-sensitive side in an ordinary camera and 
a record is made on the three materials simul- 
taneously. The first layer is blue-sensitive only 
and therefore records the blue light only. The 
yellow filter layer now absorbs the blue light 
and transmits the green and red light. The 
middle layer is green-sensitive and red insensitive 
while the back layer is red-sensitive and green 
insensitive so that they record the green and red 
light respectively. 

The difficulties associated with this system 
are serious. Firstly it is necessary to make 
the three materials of such speeds that correctly 
exposed negatives are obtained with a single 
exposure. Suitable allowance has to be made, 
of course, for the optical densities of the top 
two emuMon layers which aflect the exp>osures 
of the underlying layers. Secondly, the top 
layer must be made as transparent as possible so 
as to reduce light-scatter to a minimum and ob- 
tain adequate definition in the lower layers. In 
general, the requirements of high sensitivity 
and transparency are conflicting. Thirdly, 
the film or films in the pack must show the 


minimum base distortion during processing 
and drying otherwise the final images on the 
films will be different in size from those on the 
plates. 

In fact, mat^als with practically useful 
speed transmit light which is scattered so much 
that the back negative is always seriously 
unsharp. Unfortunately, the red-filter negative 
seems to be the most important from the point 
of view of definition and any unsharpness is 
quite obvious on the finished print. 

1002. (iv) Cameras, An altogether 

more satisfactory way of obtaining a set of 
separation negatives with a single exposure, in- 
volves the use of a specially constructed camera 
which optically splits the light passing through 
the lens into three parts and produces images 
at three different stations. This is achieved by 
incorporating two partially transparent mirrors 
inside the camera. There are several possible 
arrangements but the one shown diagrammati- 
cally in Fig. 52.1 is satisfactory. The reflectors 
may be made of glass with a metallic coating of 
suitable density. This coating may be silver in 
which case it may be deposited chemically or it 
may be one of the precious metals deposited 
by sputtering or by evaporation in vacuum. 
Glass reflectors are fairly robust in use but 
there are several difficulties associated with 
them. Since glass has appreciable thickness 
trouble is experienced with double images 
caused by reflection from both sides. This can 
be overcome by coating filter layers on the 
backs of the reflectors, choosing the filter colour 
so that it reflects a colour which will have no 
effect on the plate receiving the reflected image, 
but transmits all the light of the colours required 
at the other stations. For instance the reflector 
nearer to the lens may be yellow backed and the 
second reflector magenta backed. It is extremely 
difficult to design a glass reflector optical system 
such that the three images will register accurately. 
For this reason, successful cameras with glass 
reflectors have been designed for use in con- 
junction with compensating printing devices. 
Unless the reflectors are at 90'’ to each other and 
45® to the lens axis, “wedging” (i.e. variation 
in the illumination due to reflection for varying 
angles of incidence) at one or more of the focal 
pl^s results. 

Most of the difficulties of design can be 
overcome at the expense of some loss of robust- 
ness, by the use of extremely thih “ pellicle “ 
reflectors. These are usually collodion skins a 
few microns thick stretched on optically ^^t 
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metal frames. They are sometimes metallized 
by sputtering. 

The three filters are positioned just in front 
of the focal plane at each of the three stations. 
Three panchromatic plates may be used with 
the ordinary tri-colour filters or the “blue- 
hlter" negative may be made on a blue-sensi- 
tive plate without filter and the “green-filter” 
negative made on an orthochromatic plate with 
a yellow filter. 

Naturally, the one-shot cameras are very 
expensive but they undoubtedly represent the 
best solution to date of the problem of making 
direct separation negatives from moving sub- 
jects. On the other hand, they are less flexible 
than ordinary field cameras in that they are 
usually designed for use with lenses of only 
one focal length and cannot be fitted with such 
useful movements as "swingback.” 

1003. (v) “ Bi-pack and One.'* A compromise 
system which uses a special camera of consider- 
ably simpler design and cheaper construction 
than the two-mirror one-shot camera has been 
called the “Bi-pack and one" system. The 
camera has a single reflector and the reflected 
beam is used to make the red filter negative. 
The transmitted component of the light is 
used to make the “blue-filter" and “green- 
filter" negatives on a bi-pack. The material 
nearer the lens is a yellow-backed, blue-sensi- 
tive film behind which is an orthochromatic 
plate or film. This method suffers from the 
defects of the tri-pack system although to a 
lesser degree and although the camera is 
cheaper to construct it has the same limitations 
as a two-mirror one-shot camera. Cameras of 
this type have been made by amateurs from old 
reflex cameras, the reflex mirror being replaced 
by a pellicle and a dark-slide fitting being put 
in place of the top focusing screen. Unfortun- 
ately the necessary bi-pack materials for cameras 
of this type are no longer available. 

1004. (vi) Separation Negatives from Colour 
Transparencies. Another method of obtaining 
separation negatives is to make a colour 
transparency by one of the “screen-plate” 
or “ integral tri-pack ” processes from the original 
subject and subsequently to make separation 
negatives from the transparency. This method 
has a number of advantages. Firstly, an ordinary 
camera can be used, and it is possible to select 
a lens of suitable focal length and make use 
of any camera movements even when photo- 
graphing moving subjects. Secondly, the pic- 
ture can be seen in full colour before the separa- 
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tion negatives are made so that it is not neces- 
^ry to go to the expense of making a colour print 
if the transparency is in any way unsatisfactory. 
Thirdly, the separation negatives can be made 
at leisure and can be re-made at any time in 
the event of anything going wrong in the pro- 
cessing of the negatives or accidental damage 
to them. Against the advantages must be set 
the disadvantage that all the errors which are 
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Fig. 52.1 Schematic Layout of a Typical 
One-shot Camera 

inherent in systems of colour photography are 
involved twice, once in making the transpar- 
ency and again in reproducing it. In the case 
of “screen-plate” transparencies there is a 
definite limit to the degree of enlargement of 
the final print which is set by the r 4 seau. 
Obviously, the coarser the r^au elements, the 
less the possible enlargement before either the 
pattern shows in the print or the print becomes 
noticeably unsharp. In general, it is better to 
make separation negatives from integral tri- 
pack transparencies than frbm screen-plate 
ones. As the separation of the colours has 
already been made when the transparency 
was made, the problem in making separation 
negatives from a transparency is different from 
that of making them directly from the subject. 
All that is required is to analyse as completely 
as possible the three images of which the 
transparency is composed. No overlap of the 
transmission bands of the tri-colour filters is 
required so “narrow-cut” or “analysis” tri- 
colour filters should be used for this purpose. 
These give negatives with considerably better 
colour separation. 

The natives can be made in three differ^t 
ways. The transparency can be set up with 
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diffused light behind it and photo^phed in a 
camera. It can be put in a light-tight enla^er 
fitted with an apoclvomatic lens and negatives 
can then be made by enlargement (this is the 
best way of dealing with the popular 35-mm 
transparencies). Mercury- vapour enlargers are 
not suitable for this purpose because the 
mercury tubes give no red radiation. The 
negatives- can be made by contact from the 
transparency using a light source in a light- 
tight housing having an aperture over which 
the analysis filters can be p(^tioned. 

Ideally, a neutral grey step-wedge should be 
included when the original transparency is 
made so that the image of the wedge may serve 
as a guide to the making of the separation 
negatives. This method results in partial 
compensation for slight inaccuracies in colour 
balance of the transparency itself. Unfortunately, 
the photographer is often faced with the 
problm of making negatives from existing 
transparencies which do not include the step- 
wedge. In the absence of a wedge on the trans- 
parency itself a silver wedge m^e on film and 
having a density range si^ar to that of the 
transparency should be mounted alongside. 
As in all separation negative work, the wedge 
should be recorded identically on the three 
negatives. 

When the separation negatives are to be 
made from “screen-plate” transparencies pre- 
cautions have to be taken to eliminate the 
rtoau pattern on the negatives. If the nega- 
tives are being made in the camera or in an 
enlarger, this may be accomplished by putting 
the image very slightly out of focus. Care 
must be taken, however, not to make the image 
more unsharp than is absolutely necessary 
because the resolution of the transparency 
itsdf is already limited by the r^seau. An 
alternative method of elimmating screen jrat- 
tem is to use a very small lens aperture. This 
lowers the resolving power of the lens owing to 
difiraction effects caused by the very small 
aperture. This method will, of course, result 
in rather long exposure times unless the light 
intensity is very high but this is not usually of 
primary importance. When the negatives are 
being made by contact the same effect can be 
obtamed by ^htly spacing the emulsion 
surface of the traimarency ^m that of the 
sensittve plate. In the case of film transparen- 
cies such as Du&fcyoolor, this is achievea very 
shnply by patting the sensittve plate in con- 
tact with m base side of the tran^Nuency. 


In the case of plate transparencies the same 
effect can be obtained by emplo3ring a spacer of 
clear film base. 

1005. Masking. The principal difficulty en- 
countered in reproduc^ integral tri-pack 
transparencies is due to their very long density 
range. It is not at all uncommon for a Koda- 
chrome transparency, for example, to have a 
density range of from 0*2 in the high-lights to 
3*0 in the shadows and detail, which it is impor- 
tant to retain, at both ends of the scale. This 
represents a brightness range of about 630 : i 
which is too long to be correctly recorded on a 
print by straightforward means. It is very 
desirable to reduce the brightness range of the 
transparency by combining it with a mono- 
chrome negative made by contact from the 
transparency itself. This has the effect of 
adding neutral density to the highlights with- 
out affecting the shadows, thus blowing suffi- 
cient exposure to be given adequately to record 
the shadow detail. It also results in increased 
colour saturation in the final print which to 
some extent offsets the loss of contrast which is 
inevitable in a print made from a transparency. 
This contrast-reducing “mask” should pre- 
ferably be made slightly unsharp to facilitate 
subsequent registration and should be made on 
a panchromatic material. It is possible to 
introduce a measure of control over the relative 
brightness of colours in the reproduction by 
exposing the contrast mask by coloured light. 
In practice, the tendency is for blues and greens 
in the reproduction to be darker than they were 
in the original subject and this defect may be 
minimized by using light filtered by a tri- 
colour red filter for exposing the mask. The 
exposure should be just sufficient to record the 
detail in the shadows of the transparency and 
the mask should be developed to a gamma of 
between 0*3 and 0*4. The mask plate should 
be exposed in contact with the base side of 
the transparency in order to introduce a certain 
amount of diffusion. After processing and 
diying, the transparency should be registered 
caref^y with the mask and taped down on it 
with thin transparent adhesive tape. The 
transparency will now be emulson side upwards 
so that separation negatives can be made by 
contact emulsion to emulsion. If the negatives 
are to be made in the camera or enlarger it is 
advisaUe to bind a cover glass over the traas- 
paxmcy to prevent it curling away from the 

Apert from the special considerations 
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above, the xest of the procedure for making 
separation negatives from transparencies is the 
same as has been described for negatives made 
directly from the original subject. 

1006. Cokmr Coirection by Masking. In 
Chapter LI it was noted that colour photographs 
made by subtractive processes cannot be accu- 
rate because available colours for making the 
cyan and magenta components of the image 
do not fulfil theoretical requirements in that they 
have serious unwanted absorptions. The prin- 
cipal defects are unwanted absorption of green 
light by the cyan colours and unwanted absorp- 
tion of blue light by the magenta colours. In 
other words, the “cyan" colours are almost 
blue and behave as mixtures of theoretical 
cyan and theoretical magenta while the 
“magenta" colours are almost red and behave 
as mixtures of theoretical magenta and theoreti- 
cal yellow. The type of errors in reproduction 
which result from these defects are purples 
and greens, rendered too dark and degraded; 
magentas rendered too red and peacock blues 
rendered as prussian blue. 

It is possible largely to compensate for these 
errors by a secondary photographic process 
known as colour “masking" at the separation 
negative stage. Since the cyan image will, in 
fact, be printed in what is really a mixture of 
cyan and magenta, it follows that the final 
colours can be improved by reducing the amount 
of “magenta" which is printed wherever “cyan" 
is printed. Similarly, since the magenta image 
wiU be printed in a mixture of magenta and 
yellow, it follows that the final colours can be 
improved by reducing the amount of yellow 
wherever “magenta" is printed. Since the 
desirable reduction of the magenta image is at 
every point proportional to the printing stren^h 
of the cyan image and the desirable reduction 
of the yellow image is at every point proportional 
to thrtB printing strength of the magenta image, 
the effect can be obtained by combining a 
P^itive image made front the led-filter negative 
with the green-filter negative, and a positive 
image Ruufe frmn the green-filter negative with 
the olue-filter negative. Clearly, the degree of 
colour correction obtained in tlus way is depen- 
dent on the relationships between the contrs^ts 
of the positive “mai^s" and the separation 
negatives. The greater the unwanted ab^rptions 
the greater must be the value— Density Range 
of Mask/Density Range of Negative. In practice 
it will be found that this value ^ould be about 
one-fifUi to one-qilaiter for the dyes used in 


Autot5q)e Tri-chrome Carbon Pigment Papers 
or in the Kodak Dye Transfer process but will 
have to be greater if less satisfactory colours 
are used. 

Masking of this type will not result in perfect 
colour reproduction because it deals with only 
the major unwanted absorption in each of the 
two least satisfactory colours. Theoretically, at 
least two masks are required on each of the 
three negatives but the simple system suggested 
results in a major improvement without undue 
complications. It must be realized, however, 
that neither masking nor any other method of 
colour correction can give results as good as 
could be obtained if it were possible to make 
'theoretically perfect colours. Obviously, no 
colour can be correctly reproduced in both hue 
and brightness if it is purer in colour than one 
of the printing colours. Imagine a colour 
which would be correctly reproduced by 
theoretical cyan and nothing else. Available 
imperfect cyan cannot reproduce the colour 
and it is not possible to reduce the magenta 
since none should enter into the sjmthesis in 
any case. A closer approximation to the correct 
hue might be achieved by printing some yellow 
with the imperfect cyan but the colour will then 
be a correct reproduction plus some grey. 
However, at the present time, masking gives 
the best colour reproduction possible by purely 
photographic means. 

The masks should be made on a non-colour- 
sensitive material and developed in a low- 
energy developer which should give a fairly 
neutral coloured image. Diluted "fine-grain" 
developers of the metol-hydroquinone-borax 
t3q>e are suitable. The masks should be exposed 
by contact and care should be taken to use the 
straight-line portion of the charficteristic curve 
of the mask material. 

As two of the negatives are masked while 
th% third is left unmasked, compensation for 
the difference in contrast has to be made at 
some stage. With some colour printing processes 
it is possible to adjust the contrasts quite easily 
but, in general, it is better to make the adjust- 
ment at the negative stage. For instance, if 
20 per cent ma^^ are to be applied and the 
optimum negative density range for the printing 
process is 0*3 to 1*5 then the green- and blue- 
hter negatives could be developed to have a 

^ The pefcentage refers to the density mnn of the 
transparency to be corrected. Thusif thedenrityraags 
of &e origmal is 1 * 0 , a 30 per cent ma^ has a density 
range of 0*3. 
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25 per cent greater r^e, i.e. 0-3 to i*8. Now 
the 20 per cent positive masks will have a 
density range of, say, 0-2 to 0*5 which when 
combined with the negatives will reduce their 
ranges to 0*8 to 2*0 thus balancing with the red- 
filter negative although at a b^her density. 
Unfortunately, this method involves making 
one mask from the normal contrast red-filter 
negative and one from the high-contrast green- 
filter negative, and this is liable to lead to 
complications. All this may be avoided by 
mal^g all three negatives to the higher density 
range and then mal^g two positive masks from 
the red-filter negative and one from the green- 
filter negative. One of the red-filter masks is 
then combined with the red-filter negative 
thus reducing its density range without affect- 
ing its colour values. The other two masks 
are combined as before and the resulting set of 
combination negatives will be in balance both 
as regards contrast and overall density. 

The masks should be registered carefuUy 
with the appropriate negatives and clipped to 


them with bulldog clips on three sides. Gummed 
paper lantern slide binding strips should then 
be used to bind the negatives and masks to- 
gether. The tape should be stuck on all four 
edges of the natives, the bulldog clips being 
removed from each edge in turn. Plates are 
more convenient for both negatives and masks 
but films can be used, in which case it is advis- 
able to trim the edges off the masks so that they 
are a little smaller all round than the negatives. 
Paper tape may then be stuck down flat to 
tape the two together. 

Since the emulsion layers are sandwiched 
between the supports of the negatives and masks, 
it is necessary to print masked negatives by 
projection. 

It is possible to calculate the correct value of 
masks required for a given set of printing 
colours but in practice it is not difficult to arrive 
at suitable values by trial and error. Once the 
value of masks required for a particular set of 
dyes has been determined the information may 
be used for as long as those dyes are in use. 



CHAPTER LIII 

THE PRACTICE OF COLOUR PHOTOGRAPHY BY CONTEMPORARY PROCESSES 


1007. Introduction. It is obviously outside 
the scope of a single chapter in a book on 
photography in all its aspects to give working 
instructions for all the processes of colour photo- 
graphy considered in Chapter LI. Some practi- 
cal information will therefore be given to enable 
the reader to attempt any of the processes 
which is readily available. 

In colour photography by any process certain 
fundamental conditions apply. The choice of 
subject is important and, in general, the 
photographer should avoid the temptation to 
introduce colour for colour’s sake. Except in 
very rare cases where special effects are required, 
the lighting for colour photography should be 
fairly “flat.” For instance, for outdoor subjects 
sun obscured by light cloud is generally more 
suitable than brilliant sunlight. This is parti- 
cularly true of transparency processes but it 
also applies to the making of separation nega- 
tives. There is no necessity for contrasty 
lighting as the colours themselves give interest 
which in monochrome work has often to be 
obtained by enhanced contrast. 

Accuracy of exposure is essential and a high- 
quality photo-electric exposure meter or a 
photometer is virtually a necessity. For the 
transparency processes which involve reversal 
processing, the exposure accuracy necessary is 
of the same order as that required in printing 
on bromide paper. This is because the final 
positive image will be the complement of the 
negative image and the exposure must be such 
that the highest lights of the subject are re- 
corded with a very low density. There is no 
opportunity to compensate for errors in the 
negative by adjustments in a printing process. 

When separation negatives are made there is 
more exposure latitude but here there are three 
different exposures to determine for the three 
filters^ It has often been stated that the use of 
correct filter factors is less important than 
developing the three negatives to equal con- 
trast. Tms is true, however, only if the subject 
has a brightness range so short that all three 
records can be made on the straight line portion 
of the characteristic curve of the negative 
materied even though, owing to the erroneous 
filter factors, the three records do not occupy 
the same position on the straight line. If the 


range of the subject is such that the erroneous 
factors result in one negative being recorded 
on either the toe or the shoulder of the curve 
while another is on the straight line, serious 
colour errors in the final print are likely to 
occur. It is much safer to determine the filter 
factors with accuracy and this means that it is 
not sufficient to rely on the manufacturers’ 
factors which are given merely as a guide based 
on the average product. Factors should be 
determined on each fresh batch of negative 
makrial under the lighting conditions to be 
used. 

1008. In all colour work it is very important to 
avoid mixing light from different types of 
sources. For instance, no daylight should enter 
a studio where a colour photograph is being 
taken by tungsten illumination. Moreover, it 
is not desirable to vary the operating condition 
between the tungsten sources themselves. The 
common practice in monochrome work of using 
dimmers to lower the voltage on spot-lights 
should be avoided as this not only reduces the 
intensity of the light but also alters its colour. 
Intensity should, therefore, be varied by distance 
or by placing layers of muslin over the lights. 
Here, however, care must be taken that the 
muslin iS bleached white or, again, the colour 
of the light will be changed. If these precautions 
are not observed there is a danger of introducing 
local falsification of colour values in the repro- 
duction which can be most unpleasant. 

Mercury vapour lighting is useless for normal 
colour photography as there is^ no red radiation 
from this type of light source. In general, 
fluorescent lighting is not satisfactory but it is 
Ittcely that suitable lamps of this type will be 
in t reduced. Naturally, the various coloured 
sources of the neon or sodium type are not 
suitable. Daylight, white-flame arc-light, tung- 
sten-light, over-run tungsten light, and flash- 
light can all be used with success provided that 
colour films are used with appropriate compensat- 
ing filters Of that suitable adjustments are made 
to filter factors for separation negatives. 

Transparency Processes 

The following processes are the only ones of 
the several so far mentioned that are available 
in Britain at the time of writing (1950). 


|•-(G.3«30) 
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1009. Duiaycolor. Dufaycolor Film is supplied 
in cut-sheet and roll-film forms. There are 
four types normally manufactured — 

D.i. Roll Film, 35-mm Film for miniature 
cameras and sub-standard Cine film. This 
type is intended primarily for amateur use. 

D.2. Flat Film in cut sheets of normal 
contrast. 

D.4. Flat Film “Process Medium.” Higher 
contrast material recommended for photo- 
graphing sucli subjects as oil paintings and 
certain types of medical subjects. 

D.5. Flat Film “ Process Hard.” Material of 
high contrast intended for photographing 
such subjects as coloured maps and for photo- 
micrography. 

All these films require a correction filter to 
be placed over the camera lens. A filter, matched 
to the film, is supplied in each packet. Unless 
otherwise stated, this filter is for use in daylight 
but filters suitable for use in other types of 
light are available from the manufacturers. 

Dufaycolor film must be exposed with its 
emulsion side away from the lens so that the 
exposing light passes through the r^seau before 
reaching the emulsion (§986). Type D.i roll 
films and cassettes are, of course, loaded by 
the makers in such a way that the exposure 
must be made from the correct side. Type D.2, 
and D.5 flat films must be loaded into the 
dark-slides so that the emulsion side is away from 
the lens. This should be done in total darkness 
as the emulsion is of the supersensitive pan- 
chromatic type. The films are packed in boxes 
of six with the emulsion all one way. A piece 
of black pap^ the same size as the film is attached 
to the emulsion side of each along one end. This 
should be left on as protection for the emulsion 
until immediately before development. Where 
film sheaths are used, the end of the film to 
which the paper is attached should be inserted 
first so as to carry the paper smoothly into 
the sheath with the film. The films may be 
loaded into plate holders by attaching them 
to glass plates with strips of adhesive, tape. 
Altanoativdy, the films may be loaded behmd 
dean glass plates, but, in this case, allowance 
must be made in focusing for the difference in 
fomd plane. This can usu^y be done by turning 
over the focusing screen. 

Exposures should be determined by means of 
a fdlable photo-electric meter and a table of 
speed rati]^ for a large number of meters is 
issued by the manufacturers. For instance, the 


film (with its filter) is rated as Weston 6 in 
daylight. Where no meter is available use can 
be ni^e of the exposure tables also issued by 
the manufacturers. 

1010. Processing. The processing procedure 
for all types of Dufaycolor film is the same and 
should present no difficulties to any photographer 
who is competent in monochrome processing. 

The film should be developed in total darkness 
in one of the two developers given below — 

Dufaycolor Developers 


Developer A 

Mctol 3 g 

Sodium sulphite (cryst.) . . 100 g 

Hydroquiaone 6g 

Potassium bromide 275 g 

Ammonia (Sp. G. 880) . ii ml 

Water to make .... looo ml 

Developer B 

Metol b-5 g 

Sodium sulphite (cryst.) . . 100 g 

Hydroquinone . 2 g 

Sodium carbonate (cr>^t.) . 100 g 

Potassium bromide . 275 g 

Potassium thiocyanate (sulpho- 
cyanide) (pure) *98 

Water to make . .1000 ml 


The development time at 65°F in Developer 
A is 3 minutes or in Developer B is 3f minutes. 
Agitation during development should be vigorous. 
This is important as the brilliance of the final 
transparency is influenced considerably by the 
degree of agitation. 

Development should be stopped in i per cent 
acetic acid and, after i minute in the stop 
bath, transferred to the bleaching bath which 
is made up as follows — 


Potassium permanganate. 
Ammonium |>ersulphate . 
Sulphuric acid (cone.) 
Water to make 


• 2g 

• 0-5 g 

. 10 ml 


I litre 


The film should be bleached for 5 minutes with 
vigorous agitation. White light may be turned 
on after the film has been in the bleaching bath 
for I minute. After bleaching the film should 
be rinsed in water and transferred to a clearing 
bath made up as follows — 

Potassium metabisulphite * ^5 g 

Water to make . . . . z Utre 

After clearing it is possible, with a little 
practice, to judge the accuracy of the expo!^ 
and to take steps to compensate for dight 
under-exposure. The high-li^ts of the pictUK 
idiould appear almost black when the film, is 
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laid face upwards on the bottom of a white 
dish and viewed by reflected light. If there is a 
veil over the high-lights the film may be bathed 
in a weak solution of potassium cyanide (o*i 
per cent) until the veil is almost removed. 
Whether this treatment is given or not, the 
film is washed for 2 minutes in running water. 
The next step is to re-expose the film, from 
the emulsion side by holding it for about 
30 seconds at 1 ft from a 100- watt lamp. It is 
desirable that there should be no drops of water 
on the emulsion during exposure. 

Finally, the film is re-developed for5 minutes in 
the first developer, fixed for 2 minutes, washed 
for about 15 minutes and dried. The full brilliance 
of the transparencies is not attained until they 
are dry. 

Slightly thin transparencies can oe improved 
by intensifying the silver image. Any method 
of intensification which does not seriously 
modify the neutral colour of the silver image 
can be used but some methods are a little risky. 
Probably the simplest and safest method is to 
bleach the silver in 

Mercuric chloride . . 6 g 

Potassium bromide . 6 g 

Water to make . 230 ml 

Bleaching takes 3 minutes after which the film 
is washed for 10 minutes and blackened in a 5 per 
cent solution of sodium sulphite, washed and 
dried. 

Under-exposed transparencies which have not 
been reduced during processing may be reduced 
in Farmer's Reducer, but it is preferable to 
treat them at the earlier stage. 

xoix, Ilford Colour Film. Ilford Colour 
Film is at present supplied as 35-mm film for 
miniature cameras, in both daylight (Type D) 
and artificial light (Type A) emulsions (for 
photoflood). It is possible to use either of these 
films in alternative lighting to that for which they 
are balanced by the use of correction filters. 
This inevitably results in loss of speed. Both 
the daylight and the artificial light film have a 
speed of Weston 8. 

The exposed film must be returned to the 
manufacturer for processing. 

loxa. Kodadirane. Ko^chrome film is sup- 
plied in the form of 35-xnm film for miniature 
cameras arid as substandard cin 4 film. Both 
the miniature and substandard cin^ films are 
supf^d in the Daylight type and Type A for 
exposures by Photoflo^ light. Correction filters 
are availalfle which enable good colour balance 
to obtained when the dms are exposed in 


lighting other than that for which they are 
intended. Generally, it is preferable to use the 
correct film especially as maximum sensitivity 
is usually obtained in this way. 

The film must be loaded in total darkness in 
such a way that it is exposed from the emulsion 
side. Exposures should be determined, where 
possible, with a phoio-electric exposure meter. 
Speed ratings for use with various makes of 
meter and also an exposure table are obtainable 
from the manufacturers. As a guide to the 
speed of the material, tlie daylight film is rated 
at Weston 8. 

It is not feasible for the photographer to 
undertake the processing of this material which 
must be returned to the maker for this purpose. 

X013. Ektachrome. Ektachrome film is sup- 
plied in the form of cut sheets of two types; 
Daylight and Type B for exposures by Photo- 
flood lighting. The film must be loaded in total 
darkness so that it is exposed from the emulsion 
side. The emulsion side is easily identified by 
the notches in the short edge of the film. When 
the notches are on the right of the top edge 
with the long side held vertically, the emulsion 
is facing the operator. As a guide to the sensi- 
tivity of the material, it is rated at Weston 6 
to daylight. 

Processing of the film demands unusual care 
but if the photographer is prepared to follow 
the manufacturer's instructions to the letter 
there is no reason why he should not be success- 
ful. Processing kits are available from the 
manufacturers of the film and these contain 
the necessary chemicals ready to be made up 
to 64 oz of each of five solutions. Full instruc- 
tions are given with the kits so only an outline 
of the process is given here. 

The solutions should be ,used as soon as 
possible after being made up and they should 
not be kept longer than 3 to 4 days at the most. 
The 64 oz of each solution is sufiicient to process 
about 4 square feet of film with practically no 
change in colour balance or 5 square feet with 
sufficient accuracy for all but the most critical 
user. 

Tanks should be used for processing because 
the emulsion on the film is easily damaged in 
dish processing and, moreover, it is a veiy much 
simpler proposition to control solution tempera- 
tures accnratdy in tanks. It is highly iiiqx>rtalit 
that the first developer solution shall be used 
at a temperature of 68®F ± o*5°F. Other 
solutions ^uld be at between fifi^F and 
The temperatuxe of the wash water should sot 
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be outside the range of 65°F-72®F. The ideal 
method of achieving the necessary temperature 
control with convenience of operatii^ is to 
have five half -plate developing tanks jacketed 
by a large gsilvanized iron tank filled with 
water at &®F. Provided the room temperature 
is fairly near to 68°F the large volume of water 
will remain at a steady temperature for several 
hours. A washing tank will also be required 
and it is convenient to have a seventh tank for 
a solution of a wetting agent. 

The five processing solutions are: (i) first 
developer, (ii) hardening bath, (iii) colour de- 
veloper, (iv) clearing and fixing bath, and 
(v) bleaching bath. The total processing time 
is about 90 minutes and the first 19 minutes 
must be carried out in total darkness. The 
steps are as follows — 

(а) Develop the film in total darkness in the 
firrt developer. The development time is 15 
minutes at 68'’F. Every 2 minutes the film should 
be lifted out of the solution, drained for 5 seconds 
from one comer and replaced. The film should be 
drained alternatively from the two bottom comers. 
At the end of the 15 minutes' development 

(б) Rinse the film for i minute in running 
water at 65T-72T. 

(c) Harden the film for 5 to 10 minutes at 66*"- 
70®F. Withdraw the film every 2 minutes as des- 
cribed in step (a). After the film has been in 
the hardener for 3 minutes the room lights 
may be turned on and left on for the rest of 
the processing. The film should not be placed 
in the wash water before the reversal exposure. 

{d) Reversal Exposure. The film should be 
exposed each side for 5 seconds to the light 
of a No. I Photoflood lamp placed i ft from the 
film. Alternatively, two Photoflood lamps may 
be positioned 2 ft apart and the film held 
between them for 5 seconds. These lamps 
get hot and will shatter if splashed with water. 
They should, therefore, be protected with sheets 
of {flain glass placed to prevent splashing from 
the solutions or washing tank. 

{e) Wash the film for 5 minutes in running 
water at 65®F-72®F. 

(/) Colour Development. Develop the film 
for 25 minutes in the colour developer at 66°- 
70**F. Withdraw the film every 2 minutes as 
described in step a. 

(g) Wash the film for 5 minutes in running 
water at 65®-72®F. 

{h) Clear the film for 5 minutes in the clearing 
and fixing bath at 66'’-70°F. Withdraw the film 
every 2 minutes as before. 


(t) Rinse the film for i minute in running 
water at 65®-72°F. 

(;) Bleach the silver im^e in the bleach for 
10 minutes at 66®-70°F. Withdraw the fihn every 
2 minutes as befote. 

(k) Rinse the film for i minute in running 
water at 65°-72°F. 

(/) Fix the film in the clearing and fixing 
bath (the one used in Step (h)) at 66°-70®F. 
Withdraw the film every 2 minutes as before. 

(m) Wash the film for 10 minutes in running 
water at 65“-72“F. 

(n) Remove water droplets by bathing the 
film for I minute in a solution of wetting agent 
at 65°-72"F. 

(0) Dry the film in a dust-free place. The 
film appears opalescent until it is dry. 

Printmakinc Processes 

1014. The TrichromeCarbro Process. Bromide 
prints are made from a set of separation nega- 
tives and from these prints three Carbro prints 
are made as described in Chapter XL VI. A 
yellow pigment paper is used for the print from 
the blue-filter negative; a magenta paper is 
used for the print from the green-filter negative ; 
and a blue-green pigment paper for the print 
from the red-filter negative. The pigment papers 
are sensitized, squeegeed on to their appropriate 
bromide prints and, when the bromide prints 
are fully bleached, are stripped off and mounted 
on waxed celluloid sheets for development in 
warm water. Finally, the three component 
images are transferred in register on to a single 
sheet of gelatine-coated paper either by the 
single or the double transfer method (§ 847). 

Ordinary bromide papers have a supercoat 
of plain gelatine to render them less susceptible 
to stress marking. Such supercoated j^pers 
are not suitable for Carbro and it is necesrary 
to use a paper specially made for the purpose. 
It is essential that all three prints are made on 
paper which has been cut the same way from 
the roll otherwise it will be impossible to obtain 
renter between the three colour images. For 
this reason, paper should be purchas^ in the 
roll or in cut sheets packed specially for this 
process. 

10x5. Bcdafidfig the Bromides. If the sepam- 
tion negatives are in perfect balance the makii^ 
of the bromide prints is relatively sim|de as it 
is necessary merely to determine correct exposure 
and development for a print from one of the 
negatives; prints from the other two will tto 
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require identical treatment. In practice, how- 
ever, it is usually necessary to make some slight 
adjustments to the exposures to compensate 
for minor inaccuracies in the negatives. In 
general, it is preferable to avoid printing from 
sets of separation negatives whose contrasts 
are unequal, but when this is unavoidable it is 
possible to use different developers to bring 
the prints to similar contrast or, in extreme 
cases, different grades of bromide paper (if 
available) may be used. Suitable developer 
formulae are as follows — 


Developer for Prints from Haro Negatives 


Metol .... 

■ «-5 g 

Sodium sulphite, anhydrous 

• 3«g 

Sodium carbonate, anhydrous 

• 37 g 

Water to make 

1 litre 

Take developer i part, water 
for about 2 minutes at 65^F. 

I part. Develop 

Developer for Prints from 

Soft Negatives 

Hydroquinonc 

. log 

Mctol .... 

. 5 g 

Sodium sulphite, anhydrous 

• 3<i g 

Sodium carlxmate, anhydrous 

• 54 g 

Potassium bromide 

• 3 g 

Water to make 

I litre 


Take developer i part, water 2 parts. Develop 
for about 3 minutes at 65 °F. 

The wedge which should be recorded on the 
separation negatives (§ 997) should be included 
on the edge of the bromide prints. A test print 
should be made from one of the separation 
negatives so as to include a representative 
area of the picture and the wedge. When a 
print has been made which is judged to be correct, 
prints are made from the wedges on the other 
two negatives and the exposures and develop- 
ment times are adjusted until the three wedges 
match. Finally three prints are made from the 
three negatives using the exposure and develop- 
ment times determined from the test strips. 
The prints should be just sufficiently exposed 
to give full high-light detail when fully developed. 
The prints should be masked so that they have 
a clear margin at least | in. wide all round. This 
is to avoid frilling when the Carbro prints are 
developed. 

Fixing s^iould be carried out very thoroughly 
in either plain hypo solution or in hypo witifi 
tassium metabisnlphite. A hardening fixing 
th ^ould not be used. The prints should be 
wiuffied very thoroughly and then bathed for 
z minutes in a 2 per cent solution of acetic 
acid and swabbed with cotton wool. A final 
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wash and drying of the prints completes this 
stage of the process. 

1016. Three sheets of celluloid at least 4 
in. larger each way than the print to be made 
are prepared by waxing the surface either with 
Autot5q)e waxing compound or with a car 
polish of the “Karpol” or “Lifeguard" type. 
Celluloid is likely to be replaced for this pur- 
pose by other plastics such as "Perspex" which 
does not require waxing. The sheets should be 
about I mm thick for prints 12 in. X 10 in. or 
larger or about J mm thick for smaller prints. 

The next stage is the production of the 
separate colour images on the celluloids. The 
three bromide prints should be soaked for 
10 minutes in a buffer solution to bring them to 
pH 6-5. A satisfactory solution is made as 
follows — 

Solution A. 

Di-sodium hydrogen pliosphate 

(NajHP04i2H,0) 24 g 

Water to make ...... 1 litre 

Solution B. 

Potassium di-hydrogen phosphate (KHjPOJ . 9 g 

Water to make i litre 

For use take 100 ml solution B to 50 ml soUdion 
A. This solution can be diluted to 200 ml with- 
out change in ^H. 

The Autotype Company market two series 
of tri-chrome carbro pigment papers. Their 
"Series 2" papers are coated with pigments 
which have greater permanence but less brilli- 
ance than those used for "Series 3" papers. 

1017. Sensitizing the Pigment Papers. The 
pigment papers may be sensitized either by the 
"Two-bath" or the "Single Bath" method. 
The single bath method requires the use of 
some mechanical aid for getting the sensitized 
paper into perfect contact with the bromide 

^ print quickly and evenly: it is certainly the 
* better method where large sized prints or runs 
of prints from the same negatives are being 
made. The two bath method has usuaUy 
been recommended to the beginner because it 
is rather more flexible and rather less costly in 
chemicals. It is hardly feasible to use mechani- 
cal squeegeeing methods in this case because the 
time of immersion in the second sensitizing bath 
is very critical. 

Two-bath Sensitizing. Stock solutions are 
made as follows— 

(A) Potassium fenicyanide . 50 g 

Potassium bromide • 50 g 

Distilled water to make . 500 m 
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(B) Potassium bichromate i8 g 

Chromic acid • 4 g 

Chrome-alum • lo g 

Distilled water to make . 450 ml 

The working baths are made up as follows — 

No. I. Stock Solution A i part 

Water 4 parts 

No. 11 . Stock Solution B i part 

Water 4 parts 


The No. I bath may be used for a considerable 
number of prints^ but the No. II bath must be 
renewed after each set as it becomes contami- 
nated with No. I bath. The temperature of the 
baths should not exceed 65°F and should 
preferably be 6o°F. The pigment papers should 
be cut at least i in. longer each way than the 
bromide prints and a liberal quantity of the 
sensitizing solutions poured into two dishes. 

Each of the three pigment papers in turn 
should be immersed for 2 minutes in the 
No. I bath, drained and squeegeed on to clean 
sheets of glass, stripped o^ and hung by clips 
from a line. They should be treated in the order 
cyan, magenta, yellow and, provided the room 
temperature is not above 65®F, there is no 
objection to completing the treatments in No. I 
bath before treating the cyan paper in the No. II 
bath. 

1018. The cyan pigment paper is held taut 
along one if its longer sides and is drawn quickly 
and evenly under the surface of the No. II bath. 
The dish must be rocked throughout the 
treatment, the average time for which is 
25 seconds. A shorter immersion time gives 
more contrasty, a longer time softer prints. 
The time taken to remove the pigment paper 
from the bath, position it on the bromide 
print and squeegee it down is, in effect, an 
extension of the time in the bath and is there- 
fore very important. The operations must be 
carried out quickly, but it is even more impor- 
tant to carry them out in such a way that the 
time taken for each of the three prints can be 
l^t constant. At the end of the chosen immer- 
sion time, the pigment paper should be removed 
from the bath, turned gelatine side downwards 
and one edge should placed } in. from tl^ 
edge of the bromide print which should previ- 
ot&y have been squ^eed face upwards on a 
sheet of glass and flowed with water. The 
pigment paper riiould then be evenly lowered 
on to the bromide print and immediately 
8qae<^eed down firmly, taking care that it 
d^ not slip. 

The ma^ta and ydlow pigment papers 


are similarly treated in turn. As each squeegee 
operation is completed the pigment paper- 
bromide paper sandwich should be lifted from 
the glass and put between sheets of greaseproof 
paper in a cool place away from bright light. 

After 10 minutes the cyan pigment paper is 
strip|)ed from its bromide print, passed quickly 
through a dish of cold water, and squeegeed 
down on one of the waxed celluloid sheets. A 
sheet of grease-proof paper is placed over the 
paper and the celluloid is put aside for 10 
minutes. Tlie other two pigment papers are 
similarly treated after which the cyan print 
will be nearly ready for hot water development. 

1019. Single-bath Sensitizing. In the single- 
bath process, control over contrast is achieved 
at the bromide print stage as there is no control 
stage in sensitizing. A typical sensitizing solu- 
tion is made as follows — 


Solution A 


Potassium bichromate 

log 

Pota.ssium ferricyanirlc 

10 g 

Potassium bromide 

• log 

Distilled water . 

. 200 ml 

Solution B 


Glacial acetic acid 

10 ml 

Hydrochloric acid (pure) 

10 ml 

40 per cent formaldehyde 

. 220 ml 

To make the working solution take — 

Solution A 

10 ml 

Solution B 

1-25 

Water 

70 ml 


Add the B solution just before the pigment 
paper is immersed ; the immersion time should 
be 3 minutes at 6o°F. 

The squeegeeing operation should be carried 
out with either a photographic or a domestic 
wringer. Two pieces of celluloid larger than the 
pigment paper should be hinged together along 
one edge with waterproof a^esive tape, and 
positioning marks should be painted on eadi 
side so that when the bromide print is positioned 
to the marks on one celluloid flap and the pig- 
ment paper is positioned to the marks on the 
other flap and the two flaps brought together, 
the two papers will come face to face in the 
correct position. 

The celluloid folder is opened out on the bench 
and the wet bromide prat is sq^^ueegeed face 
up in position on one flap. The pigment paper 
is removed from the sensitizing bath and 
squeegeed face up in position on the other flap. 
The lunged edge of the celluloid folder is now 
introihKM into the wringer, taking care ttat 
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the two papers do not come into contact 
prematurely and the sandwich is wound 
quickly through the wringer. This ensures 
rapid contact between the papers without 
danger of slipping, provided that the wringer is 
properly adjusted. It is convenient to have 
three of the celluloid folders which can, of 
course, be used repeatedly. The complete 
sandwiches should be laid aside for 5 minutes 
and then the pigment papers should be stripped 
from the bromide prints and sciueegeed on to 
the waxed celluloid sheets. The pigment papers 
should be left for 5 minutes on the celluloid 
sheets before commencing hot-water develop- 
ment. 

1020. Development. A dish, about 3 in. 
longer each way than the celluloid sheets, 
is filled with water at about io5''F. The cellu- 
loid support bearing the cyan pigment paper 
is taken in both hands with the pigment 
paper underneath and is pressed firmly under 
the surface of the water so that the paper 
backing enters the water before the support. 
After a few seconds the support is turned over 
and is again completely submerged until pig- 
ment begins to ooze from the edges. The back- 
ing paper may now be stripped away and the 
remaining soluble gelatine gently washed away 
by shaking the celluloid laterally under the 
water. Tliis washing is continued until no 
further colour runs off when the celluloid is 
lifted clear of the water and allowed to drain 
from one comer. The print is then given a 
rinse in cold water and placed to dry. The 
other two prints are similarly treated. 

1021. Assembly of the Three Images. It is 
preferable to use the “ Double Transfer" method 
in which the three component images are 
assembled on a sheet of Autotype "Soluble 
Temporary Support" and the assembly is 
finally transferred on to a final support. The 
temporary support paper should be very fully * 
soaked and stretched to avoid difficulties with 
register due to dimensional changes in the paper 
after transferring has begun. The paper should 
be soaked for at least half an hour in water at 
6 o‘*- 70°F and then squeegeed vigorously, face 
down, on a sheet of glak. The paper should then 
be stripped ofi the glass and immersed face 
down in water at 70°-8o®F until its gelatine 
coating feels slimy. The dry cyan image on its 
ceMoid is then slid under the paper and the 
two sure removed together and the paper is 
squeegeed down. The back of the paper is 
iHOtt^ and the sandwich is left to diy when the 


paper will leave the celluloid taking the cyan 
image with it. Some of the wax will remain 
on the surface of the image and this must now 
be removed (this step is unnecessary if unwaxed 
Perspex has been used). The wax can be re- 
moved with certainty by swabbing over the 
surface with pure turpentine on cotton wool 
and then removing the turpentine with ether 
on soft lintless rag. 

The paper bearing the cyan image is now 
soaked for 2 minutes in water at 7o°F and 
turned face downwards. The celluloid sheet 
bearing the magenta image is slid underneath 
and the two are withdrawn together, slid into 
approximate register and lightly squeegeed into 
.contact. The sandwich is placed, celluloid side 
upwards, on a sheet of blotting paper and the 
register is adjusted by pressure with the finger- 
tips on the transparent support. The sandwich 
is then again left to dry and the magenta image 
is stripped from its celluloid. After de-waxing, 
the yellow image is transferred m the same 
way and its surface must also be. de-waxed 
before the final transfer of the assembled print 
to its final support. 

A sheet of Autotype "Single Transfer Paper" 
cut larger than the temporary support is s».^aked 
for 10 minutes in cold water. The assembled 
print on temporary support is soaked for 
not more than i minute and squeegeed into 
contact with the single transfer paper. The 
sandwich is left until it feels dry to the hand 
and is then immersed in a dish of water at io5°F. 
After a few minutes the temporary support is 
peeled ofi and a gentle laving of the surface of 
the print completes the operation. The print 
is finally hung up to dry. 

1022. The Trichrome Carbon Process. Carbon 
prints are made in the appropriate colours by 
contact from separation n^atives as described 
in (§§787-809). Autotype pigment papere 
series lA are used for this process. The pigment < 
papers are sensitized in a bichromate solution, 
dried and printed behind the negatives after 
which they are mounted for hot-water develop 
ment on waxed celluloid (or other suitable 
transparent flexible support). The three com- 
ponent images are sub^uently assembled on 
paper exactly as described for the Carbro 
process. 

The sensitizing and drying procedure is the 
most exacting pc^ of the process and this & dis- 
cussed in de^ in §§ 790-4. The only additicHial 
|K]int which it is necessary to make here is Jthe 
fact that the three diierently coloured d^eets 
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of jHgment paper must be cot the same way out 
of their r^pective rolls in order to obtain 
register between the three images. 

Accuracy in exposing the three prints is, of 
course, very important as slight inaccuracies 
will have a big ^ect on the final result. It is 
therefore desirable to use the most constant 
lightest urce available and 400 watt high-pressure 
mercury-vapour lamps are highly recommended. 
If it is possible to stabilize the voltage applied 
to the lamp by means of a voltage stabilizing 
transformer, this will be found to lx* a great 
advantage. It is necessary to find the correct 
exposures for the three pigment pap(*rs by trial 
and error in the first place. This is best done by 
printing from a step wedge on the three pigment 
papers and adjusting the three exposures until 
a neutral grey image is obtained when the three 
are combined. This gives the exposure ratios 
which will be constant for the particular batch of 
pigment papers and for the chosen sensitizing 
conditions. Adjustments will, of course, have 
to be made to compensate for any variations in 
negative density. These adjustments can be 
made by calculation from density measurements 
if a densitometer is available. 

The negatives must be masked round the 
e^es to provide a “safe edge.” When the 
pigment papers have been exposed they are 
transferred to sheets of waxed celluloid or other 
plastic such as “Perspex." The transferring 
must be carried out in artificial light away 
from the exposing lamp and is done by what is 
known as the “dry" method. The printed 
pigment paper is laid face down on one of the 
diy sheets of waxed celluloid and hinged to it 
by sticking a strip of waterproof adhesive tape 
along one edge. The celluloid is now fed between 
tte rollers of a photographic or domestic wringer 
until the strip of tape is just gripped. The 
pigment paper is lifted away from the celluloid 
and a little water is poured on the celluloid, 
close to the rollers, from a narrow rubber tube or 
a ^xmted vessel whi]^ the wringer handle is 
tuf^ to cany the celluloid through steadily. 
Water is fed continuously in the angle between 
the pigment paper and the celluloid until all 
the pigment paper has been rolled into contact. 
In this way all the surface of the gelatine is 
wetted just before it comes into contact with 
the odluioid while the paper base is hardly 
wetted at all. 

X093. Development in warm water at 105°- 
zio'^F is carried out exactly as described for 
the Trichrome Carbro process, but, because the 


backing paper is practicldly diy, tte water 
takes considerably loi^ to penetrate and soften 
the soluble gelatine. This d!day can be avoided 
by sosddng the celluloid and pigment paper for 
10 minutes in cold water before starting the 
warm-water development. The end point of the 
development process is not so sharply defined 
as in the Carbro process and the images will 
var>' in dcn.sity if the developing stage is not 
standardized. In particular, care .should be 
taken not to allow the water temperature to 
exceed iio"F at any time and the agitation 
of the water should be kept as constant as 
])ossible. 

If the separation negativ(*s have been made 
laterally reverst'd the transfer of tlie three 
images to soluble temporal^' support and 
re-transfer to the final supix)rt should be carried 
out exactly as described for Trichrome Carbro. 
Since the final print by the carbon process is 
the same size as the negatives it is very often 
desirable to make duplicate enlarged separation 
negatives from the original negatives and the 
enlarging stage affords an opportunity for 
reversing the images. 

If the separation negatives are not reversed 
it is necessary to use the single transfer process 
in which it is more difficult to see the register 
of the images in the order yellow, magenta, cyan, 
and in which the choice of support paper is 
limited to smooth surfaces. Soluble temporary 
support paper should be used for transferring 
the three images exactly as for double transfer 
except that the colours must be put down in 
the reverse order and the final combined print 
should be hardened by bathing in 5 per cent 
formalin solution for 2 minutes, rinsing in 
cold water and drying. The somewhat awkward 
step of registering the magenta image with the 
yellow is facilitated by carrying out the opera- 
tion by the light of the high-pressure mercury- 
vapour exposing light. It is undesirable to 
expose the eyes to this light for long periods 
and a shield should be arranged to keep the 
direct rays from them. 

1024. The Kodak Dye Transfer Prooest. 
Prints are made from separation negatives on 
three sheets of Dye Transfer Matrix Film, 
which is coated with an unhardened blu^ 
sensitive silver emulsion containing a yellow 
dye. The images are developed in a tann^ 
devebper (§ 413) and the gelatine which 
remains untanned is washed out in warm 
water. This leaves three gelatine relief images 
on the films which are used to take up dyes 
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from a yellow, a magenta, and a cyan dye bath. 
After rinsing away any surplus dye the reliefs 
are squeegeed in turn on to a sheet of paper 
coated with mordanted gelatine. The dye 
leaves the reliefs and is fixed by mordant in 
the single gelatine layer on the paper. The 
reliefs may be re-dyed and the dye transferred 
to paper, repeatedly. 

The prints may be made by contact or by 
enlargement. In either case the exposures 
must be made through the film base so that the 
developed image is next to the base. The 
exposures must be adjusted to the maximum 
densities of the negatives. The tanning developer 
which is supplied packed ready for making up, is 
in three solutions. Use of "A” and "B’' 
solution only gives matrices of correct thickness 
range from separation negatives having a density 
range of i-i. Satisfactory matrices can be made 
from negatives of lowerdensity range by replacing 
a proportion of the “A” solution by “C" 
solution thus — 


N<>n«tiv( Drn^ty 

Matrix 

Developor 

Siiliition 

Detreaw Kx- 

Range 

A 

R 

c 

posure by 

1 10 

75 ii‘l 

150 ml 

_ 



I 0 

70 nil 

1 50 ml 

•) ml 

25 per < cut 

o-g 

65 ml 

1 50 ml 

10 ml 

33 per cent 

0-8 

50 ml 

150 ml 

25 ml 

30 per cent 


For each lo in. x 8 in. him 225 ml of mixed 
developer should be used. Not more than 
30 ml of “C” solution should be used in this 
quantity. 

The processing of the matrices must be 
carried out systematically so that each of the 
three films receives the same treatment. It is 
desirable to develop them simultaneously in 
three dishes on a rocker so that they receive 
the same agitation. The appropriate quantities 
of "A,” and “C" solution are adjusted to 
in separate vessels, mixed together in a 
jug, poured into the dishes and the temperature 
is re-checked in each dish. Once the developer 
is mixed it oxidizes rapidly and it is therefore 
very important to waste as little time as 
possible getting it to correct temperature in 
the di^es. No more than 3 minutes should 
dapse between mixing the solutions and com- 
mencing development. The three films should 
did mto the dishes at 15-second intervals so 
that each may be given exactly 3 minutes 
development. At the end of 3 minutes the 
developer should be rapidly poured off and 
replac^ by a stop-bath of 5 per cent acetic 


CONTEMPORARY PROCESSES S 83 

acid. The films should be agitated in the stop 
bath for 3 minutes. White hght may be 
turned on after the last of the nlms has been 
in the stop bath for 30 seconds. 

The films are transferred from the stop bath 
to the bottom of an upturned dish and washed 
for 2 minutes with a gentle spray of water 
at i30°-i 40°F. This removes the unhardened 
gelatine and the matrices are chilled for a few 
seconds in cold water and hung up to dry. 

1025. The dry matrices are taped down with 
transparent cellulose tape in register on a sheet 
of glass. This is best done over an opal view- 
ing table with a fairly powerful light. Two 
adjacent edges of the films arc next trimmed off 
with a .sharp knife or razor blade against a steel 
straight-edge. Care must be taken that the 
knife cuts squarely and cleanly through all 
three films. These registration and trinuning 
operations should be carried out with great 
care as upon them depends the success of the 
.semi-automatic registration method used to 
place the three matrices, in turn, on the mor- 
danted paper. Time .spent at this stage is well 
repaid because a series of prints in good register 
can be obtained from the matrices once they 
have been properly prepared. 

The dyes are supplied ready lor dissolving in 
distilled water. Ammonia and acetic acid 
must be added to each solution according to 
the instructions. The paper conditioning bath 
is supplied as a concentrated solution for dilu- 
tion. 

A sheet of dye transfer mordanted paper 
should be soaked for not less than 10 minutes 
and not more than i hour in the paper condi- 
tioning bath. The three matrices are rocked 
in dishes of the three dyes for at least 5 
minutes. , 

1026. The dye transfer registration device 
is known as the register blanket and consists 

■ of a sheet of waterproof transluscent plastic 
material which is hinged to the bench. A sheet 
of plate glass is let into the bench so that the 
blanket falls on to it. The underside of the 
blanket has thin discs of plastic cementqd on 
it in such positions that the matrix films may 
be placed on the blanket so that their two 
trimmed edges come up gainst three of the discs 
arranged as an L. This gives positive three- 
point location so that when each film in turn 
is placed against the discs and the blanket is 
brought down into contact with the mordanted 
paper which has previously been located on the 
plate glass, their images fall in register. While 
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the matrices are dyeing, a piece of gelatine-coated 
paper the same size as the mordanted paper is 
so^ed in water. The blanket is turned back 
on its hinge and the wet paper is slid on its 
under-side gelatine side outwa^s, so as to come 
up against three of the registration discs. The 
blanket is now rolled down into contact with the 
plate glass, using the special rubber-covered 
roller suppUed. When the blanket is lifted 
again the paper will adhere to the glass and 
serve as a guide for positioning the mordanted 
paper for as many prints as are being made on 
that size of paper. 

The sheet of mordanted paper which has now 
been soaking in the conditioning bath for the 
necessary 10 minutes, is removed from the bath 
and laid, gelatine side upwards, on the sheet 
of paper which was stuck down on the glass 
and squeegeed down gently. 

The matrix is now removed from the cyan 
dye bath, drained, slid into a dish of i per cent 
acetic add (150 ml for a 10 in. x 8 in.) and 
rocked for i minute. The add rinse is poured 
ofi and the matrix is rinsed lor a few seconds 
in a clean bath of i per cent acetic acid. The 
transfer blanket shodd now be turned back 
and the matrix placed on its underside, gelatine 
side outwards. The him is placed so that it 
can be slid into the position where its two 
trimmed edges come up against three of the 
locating discs on the blanket. The blanket is 
now rolled down by means of the roller and this 
brings the matrix into contact with the mor- 
dant^ paper. After 4 minutes have elapsed, 
^e magenta matrix should be removed from 
its dye bath and rinsed as described for the cyan 
matrix. At the end of this time the cyan matrix 
will have been in contact with the paper for 
5^ minutes and is removed by turning back 
the blanket and gently piling the matrix off. 
The cyan matrix is placed in a dish of water and 
the magenta matrix is placed on the blanket 
and rolikl down on the paper. This is repeated 
for the yellow matrix, ^en the yellow matrix 
has been in contact with the mordanted paper 
for 5 ^utes it is stripped od and the complete 
print is peeled of! from the underlying position- 
ing papOT which is left adhering to the glass. 
The print is preferably dipped to a sheet of 
thick cardboard or plywood and <^ed quickly 
in a warm draught. 

The matrices should be bathed in a clearing 
hath to remove the last trace of dye from thm 
and then wadied for a few minutes in running 
water. Th^ may then be dried and sb^ 


for future use or immediatdy replaced in the 
dye baths to make the next print. The dearing 
bath is made as follows 

Calgon • 10 g 

10 per cent'Ammoma . 3 ml 

Water to make . .1 litre 

Although any major corrections in either 
density or contrast have to be made at the 
matru-making stage of the process, some con- 
trol is possible at the dyeing stage. The con- 
trast of the transferred image from a given 
matrix may be increased slightly by increasing 
the strength of the first acid rinse bath and 
increasing the rinsing time. The contrast may 
be reduced considerably by adding from i to 
10 ml of 5 per cent sodium acetate solution to 
150 ml of first rinse bath and rinsing for between 
I and 5 minutes. Highlights may be cleared 
by adding from 0 25 to 5 ml of 5 per cent Calgon 
solution to 150 ml of first rinse bath. 

1027. The Dufaytissue Process. This process 
is a modification of the Trichrome Carbon 
Process in which the three prints are made on 
celluloid films coated with pigmented gelatine. 
The “Dufaytissues” are similar to carbon 
pigment pa^rs except that the base is non- 
inflanunable film instead of paper ; they require 
sensitizing before printing. The sensitizing 
bath is made up in two solutions as follows — 

SoltUion A 


Potassium (or Ammonium) dichroniate . .100 g 

Water, distilled or boiled, to make i litre 

Solution B 

Glycerine . . .... 50 ml 

Water, distilled or boiled, to make . 100 ml 


For use these solutions are mixed in varying 
proportions according to the contra^ of the 
negatives from which it is desired to print. As 
in the nomal carbon process, the l^her IJie 
concentration of the dichromate in the sensi- 
tizing bath, the lower will be the contrast of 
the print. The volume of the B solution used 
should alwa^ be 2 per cent of the total volume, 
the proportion of the A solution being varied 
as r^uired. As a guide, a suitable bath for 
making a print from high-contrast negatives 
would be solution A: 750ml, sdution B: 
20 ml, water to make i litre ; and a sidtable 
bath for making a print from lovf-contrak 
negatives would be solution A : 300 ml, solution 
B: 20 ml, water to make z litre. The nrixed 
solution deteriorates when stor^ and fibMd 
be discarded when its colour darlmns noticeably* 
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If the separation negatives are of equal con- 
trast, the same sensitizing solution should be 
suitable for all three tissues but if the contrasts 
of the three negatives are unequal, the sensi- 
tizing baths must be adjusted to compensate 
for the inequalities. 

The tissues should be cut at least i in. longer 
each way than the negatives and immersed 
in turn in the sensitizing solution face down- 
wards for 3 minutes at a temperature of be- 
tween 50“ and 6o"F (preferably 55°F). Care 
should be taken to wet the surface evenly and 
not to trap air bells underneath. The tissue 
should be handled as little as possible. At the 
end of the 3 minutes, the tissue should be 
withdrawn from the solution and squeegeed 
face down on to a sheet of clean glass. A strip 
of paper about an inch wide should be laid on 
the glass and the tissue positioned so that it 
overlaps the paper by about J in. along one of 
its short edges. The tissue should now be lifted 
by the paper, stripped from the glass, and clipped, 
gelatine side outwards, on a sheet of plywood. 
The tissue, on its support, should be placed 
on a gentle current of air to dry. The air 
temperature should not exceed 70°F during 
the first half hour after which it may be increased 
to So^F" if desired. When the tissues are dry 
their celluloid sides should be polished with a 
dry cloth to remove the last traces of sensitizer. 
The sensitized tissues may be handled in ordinary 
artificial light. 

The exposures are made through the celluloid 
base of the tissues. As in ordinary carbon 
printing, an opaque “safe-edge” should be 
provided on the negatives to avoid frilling on 
the prints. The cyan tissue is exposed by con- 
tact with the red-filter negative, the magenta 
tissue is exposed behind the green-filter negative, 
and the yellow tissue behind the blue-filter 
negative. The exposures should be made in 
the same way as described for the Trichrome 
Carbon Process. Dufaytissue is supplied in 
fflzes which idlow a } in. wide safe edge bH round 
the picture area and also a spare strip to be 
cut off the sensitized tissue for a trial exposure. 
As a gui^ to the exposure required, 5 minutes 
at 20 in. from a 400-watt high-pressure mercury- 
vapour lainp would be about correct, but test 
exposures should be made on each batch of 
sensitized tissue. 

After exposure, the tissues are developed by 
them face upwards, in the bottom of 
^les of warm water (iio^'F) for 3 minutes. 
After 3 minutes* develc^iment gentle agita- 
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tion should be given until all the soluble gelatine 
has been removed. When the test exposures 
are developed the time of development should 
be noted and the final prints should be developed 
for the same time. When development is 
complete the tissues should be rinsed in water 
at about 5o“F and laid very gently on top of 
one another, in the order yellow, magenta, 
cyan, with their gelatine surfaces upwards, on 
a piece of the gelatine-coated paper that is 
to be used for the final support. This allows 
the balance of the final print to be judged and, 
if any of the colours are found to be too dark, it 
can be reduced slightly by further development 
in water at 115^ followed by a cold rinse. 
The images are very delicate at this stage and 
registration of the three tissues should be ad- 
justed with as little sliding about as possible. 
When the balance is judged to be satisfactory 
the tissues should be given a final rinse in a 
wetting agent and hung up by one corner to 
dry in a current of air at not more than 8o®F. 
All the images should be the same way up. 

1028. The images are transferred to gelatine- 
coated paper in the order yellow, magenta, 
cyan. The dry paper should be laid down 
gelatine side upwards on a fiat glass surface 
and secured by its comers with wateipiroof 
self-adhesive tape. The yellow tissue should 
now be laid face downwards in position on the 
paper and secured along one of its short edges 
with a strip of self-adhesive tape. The tissue is 
then lifted and Dufaytissue gelatine adhesive 
solution is run in a narrow line into the angle 
formed between the tissue and the paper. The 
tissue should be allowed to fall back into place 
and squeegeed down with a single, firm stroke 
with a flat squeegee. The stroke ^ould be 
away from the tape hinge so^ that the adhesive 
is rolled out and the tissue is stuck to the paper 
all over. The sandwich should be hui^ up to 
•dry at room temperature so that the image is 
the same way up as before. When drying is 
complete it will be found that the celluloid 
can be peeled off leaving the yellow image on 
the paper. The paper should now be replaced 
on the glass, taped down as before, the dry 
magenta tissue registered on the yellow image 
and a sheet of glass smaller than the tissue 
placed on top to keeip it in position. A strip of 
adhesive tape is stuck along one of the long 
edges of the tissue to hinge it to the paper. The 
tissue should then be lifted, adhesive poured in, 
and the tissue squeegeed down. After drying 
again the cdldoid may be peeled off and 
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cyan image registered and transferred in the same 
way. The assembled print is finally hardened by 
soaking for lo minutes in 5 per cent formaline 
solution, washed for 10 minutes and dried. 

1029. The Wet Carbon Trichrome Process. 
The wet carbon process is very similar to the 
normal carbon process except that the pigment 
pai)ers are exposed while they are still wet 
from the bichromate sensitizing bath. This 
method gives prints of fair quality and is useful 
for obtaining proof prints from sets of separa- 
tion negatives. 

The special wet-printing pigment papers 
(Autotype Series 4) are sensitized for altout 2 
minutes at 6o°F and squeegeed on to three 
sheets of thin waxed cellulose nitrate (0 003 in. 
thick). The backing papers are blotted off 
with an absorbent pad and the faces of the 
celluloids are polished. The three pigment 
papers are then exposed by contact behind their 
appropriate separation negatives through the 
celluloid supports. After exposure, the sand- 
wiches are placed in warm water and developed 
as in the carbon process. Finally, the three 
component images are assembled by transfer 
in register to a ^eet of gelatine coated paper. 

S^itizing should be carried out exactly 
as described for the carbon process except that 
a sheet of the waxed celluloid should be immersed 
with the pigment paper in the bichromate 
solution. After 2 minutes, the two should be 
removed together and .squeegeed together with 
the gelatine side of the pigment paper in con- 
tact with the waxed side of the celluloid. The 
face of the celluloid should be polished thoroughly 
but gently so as to avoid bruising the swollen 
gelatine on the other side. The sandwiches 
should be left in a cool, dark place for five to 
ten minutes before being placed in the printing 
frame. 


The celluloid side of the sandwiches should 
be placed in contact with the negatives and 
sheets of celluloid, glass, or undamaged waxed 
paper should be placed at the backs of the pig- 
ment papers to ' prevent evaporation during 
printing. The printing frame must not get warm 
during printing and, if necessary, a fan should 
be used to blow air over the glass. Uniform 
“flash" exposures in addition to the exposures 
behind the negatives will assist in retaining 
deUcate high-light detail. A uniform exposure 
of 5 seconds at 18 in. from a 400-watt high- 
pressure mercury-vapour lamp will have this 
effect without fogging the whites. 

The celluloids should be removed from the 
printing frame and placed in water at qo^'F 
and the backing papers peeled off as soon as they 
will come away readily and before bubbles 
are formed between the gelatine and the cellu- 
loid. Development should not be commenced 
at higher temperatures otherwise the delicate 
tones of the image will be mottled. The 
temperature of the water should be raised 
gradually to los'^F and development taken to 
completion. 

The three prints should be chilled in cold 
water and may then be assembled wet in register 
on a white surface to check colour balance. 
If necessary, the density of any of the images 
may be reduced by further development in 
slightly warmer water. There is a limit to the 
corrections which can be made in this way and 
the best results can only be obtained by correct 
exposure. When the temporarily assembled 
prints are judged to be satisfactory they should 
be separated and hung up to dry. The images 
can now be picked up on a soluble temporary 
support in the order yellow, magenta, cyan 
and treated exactly as described for Trichrome 
Carbon. 
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When looking for a composite entry (such as ''chemical focus"), look under the noun ("focus, chemical"). 


Abbe. 66 

Abbott. G. G., 206 
Abegg, A., 136, 251 
Aberrations, 31-2 
aperture effect, 38 
of lenses, definitions, 2q 
Abney. 341, 392 
Abney, de, 265 
Abrasion of negative, 348-9 
Abribat, M., 241, 276, 305, 333, 406 
Acceptance angle of exposure meter, 227 
Achromatic lenses, 31 
Acidity, io8-t) 
index, 199 
Acrol, 267 

Actmometers, 224, 371-2 
Acuity, visual, 23 
Adams, E. Q., 149 
Adaptation. 14 
Adaptor — 

for dark slides, 107 
plate, for roll-film cameras, 126 
universal, 108 
Addition of exposures, 152 
Additive colour systems, 560-1 
Adhesion, 274 
Adurol, 265 
Aerial — 
fog. 248 
image. 39 

perspective. 13. 23. 160 
photographs, printing, 499-500 
photography, 161-3 
Aerophote, 100 
Aesthetic picture, the, 16-18 
After-treatment of negatives, 334-52 
Ageing of materials, 177-8 
Agfa, 303. 416 
Ag&color, 565 

Agitation in development, 274-5 
Aglasse-Lafont. £., 180 
Air-bells in processing, 286 
Air brakes for shutters, 96-7 
Air-bru^, 502-3 
Airy disc, 38 
Albada finder, Z2X 
Albert effect, 144, 33 ° 

AlbUius. C. F.. 225 
Alcohols in developers, 264 
AldU, H. L.. 67 

Alkali bromides in developers, 272 
Alkaline carbonates in developers, 269-70 
Alkalinity, 198-9 
Alkalis — 
development, 260 
in developers, 268-9 
Allburger, f. R., 270 
Almeida, d\ 556 
Almoidan, d', D. C. R., 5^4 
Alpha-paiticles, photographic effect of, 136 
Altitude, effect on exposure of, 220 


Alum in fixing baths, 301 

American Standards Association, 175 {See also A.S.A.) 
Amici mounting, 84 
Amidol, 267 
developer, 288 
Aminophenols, 266-7 
Ammonia. 269 
stability of, 194 
Ammonium — 
bichromate, 460 
bromide, 272 
carbonate, 270 
chloride in fixing baths, 303 
hydroxide, 269 
persulphate, 346 
sulphocyanide, 394 
Amor, A. E., 316 
Amphoteric substances, 266 
Anaglyphs. 543-4 
printing of, 556 
Anastigmat, deffnition of, 34 
Anastigmats, 66-8 
Anderau, W., 426 
Anderton, J.. 526. 558 
Andresen, M., 255, 257-8, 267, 339. 387 
Angstrom unit, i 
Anhydrous, definition, 194 
Anschutz, O., 99 
Ansco Color, 565 
Anti-fogging agents, 247-8 
Antiplanatic lenses. 66 
Anti-reflection coatings, 41 
Aperture— 

and image brightness, 60-1 
coefficient of effective, 52 
effect on aberrations, 38 
measurement of, 62 
relative, 52 
scales, 62 

Aplanatic lenses, 32 
Aplanats, 65 ' 

Apochromatic lenses, 31 

Arc lamps, 208, 522-4 

Arens, H., 142, 143, 145, x8i, 305, 329 

Arithmetic coefficient of development, 244-6 

Artificial light, exposure in, 228 

Artigue, E. 349, 374 - 47 S 

Arx, R. von, 480 

A.S.A. speed, X75-6 

Astigmatism, 33 

Atkinson, R. B., 276 

Atolo, 266 

Aurantia, 235 

Austerweil, C., 197 

Autochrome process. 561 

Autographic film and cameras, 125 

Auxiliary lenses, 51 

Axis, optic, definition of, 29 


Back, F. 71 

587 
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Baekeland, L.. 264. 428. 431 
Back focal length, 71 
Backgrounds, addition of. 352 
Backing, removal of, 356-7 
Bkckstr&m, H., 161. 376 
Bacteria, effect on gelatine, 300 
Baines. H.. 299. 330 
Baker. T. T., 403 
Balagny, G., 250. 421 
Balances. 192-3 
BaMet, F., 290 
Ball-and-socket heads, 1 1 3 
Ballard, A. £.. 247 
Balmit^re. G-. 5^.3 
Bareges salt. 431 
Barnard, F. A. P.. 548 
Barrel distortion, 36 
Barrier-layer cells, 226 
Baryta, 170 
Base — 
colour, 362 
exchangers, 197 
film ( 5 m film base) 
paper. 401-2 
Baselxiard. camera. 107 
Bases, photographic, 362 
Bastin. F., 546 
Baths, making up. 200 
Batley, A., 41 1 
Bauer, E., 235 
Baukldh, H., 178 
Baumbach, H. L., 276 
Baume Pluvind, de la. 103 
Baur, E., 151 
3®5 

Beach photography cameras. 113 
Beacham, H. R., 275 
Beauchamp, 95 
Beauregard, 475 
Beck effect, 523 
Becquerel effect. 143. 390 
Beedilyn, L. T., 380 
Behn, U., 103 
Belitski. 343 
Bellach, V., 239 
Bellows. 106 
shutters. 94 
Bennett. H. W.. 408 
Beikodst. L.. 120 
Benaene, structure of. 257 
Berg. W. F., 136. 143, 151, 278 
Berger. H.. 305 
Berkd^, H. B.. 258 
Bernhard. A.. 228 
Berr, E. I.. 258 
Bettele. L., 69 
Berthier, A., 545 

A.. 9 ir 533 

Benkers. M. ^.^F.. 242, 239. 287. 289 
Bevan. E. J., 487 
Btyrkh, G., 228 
Biduoinate process, 361 
Bichiomated colloids. 468 
gelatine-dsred prints, 479-80 

gdatine, ink printing. 483-6 (Sm e/so Oil process) 
^^jaa^ dnwing, 478^ 

action of light, 461-2 


hardening, 461 
physiological effects, 460-t 
Biedermann. F., 283 
Biltz, M.. 148. 151 
Binocular vision, 331-3 
Biotar, 69 

Bi-pack and one, 571 
Black- body radiators, 3 
Blackening of reversal images, 333 
Blair, J. M.. 137. 475 
Blake-Smith, 338, 395, 428 
Blanchard, V.. 47O 
Blanch6re. La, 332 
Blanquart-Evrard. 391 39*) 

Blau. M., 233 

Bleaching methods for reversal. 332-3 
Blisters, 323 
in prints, 448 

Bloch. O., 137, 160, 236, 274, 404, 515 
Blocking-out. 349-30 
Blue-printing, 432-9 
Blue tones. 424 
in papers, 4x8-9 
Bogdanov. S.. 276 
Bogi^h, A.. 266. 267 
Boivin, E., 456 
Bolton, W. B., 255, 256 
Bonneau, P., 434 
Borax. 270 

Border masks in printing, 372-3 
Borie, 69 
Borlandi, E.. 326 
Bon£ek, J., 462 
Bothamley, C. H.. 339, 437 
Bottles, 193-6 
Boucher, P. £.. 340 
Bourse, H., 288 
Boutry, G., 376 
Bowden, B. M., 103 
Box, extension, 107 
Brandes, H., 278 
Brdbisson, de, 390 
Bredig, G., 231 
Brewster, D., 59, 342, 543 
Brewster stereoscope, 540 
Breycr, A., 507 
Brightness — 
definition of, x i 
range of scenes, 13 
Brilliant finders, 119-20 
Bromides in developers, 272 
Broxnoil process, 363, 489-^x 
Brooker. L. G. S., 149 
Brouquier, A., 323 
Brown, 278, 283, 542, 543, 548 
Brunei, L. T., 264, 293, 294, 300, 339 
Brush dev^pment, 274 
B.S.I. speeds. 173-6 
Bubbles— 
in lenses, 43 
in processing, 286 
Buffering, 198^ 

Buffers, pH, 238-9 
Buguet stereoscope, 339 
Buissom, H., 148 

Bullock. E. R.. 232. 280. 299. 429* 432 
Bunsen. 142 
BstfchaU. P. R.. 50 
Biiri. p.. 482 
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Burki, F., 290, 407 
Burkin, Y. N., 417 
Burnells Faber, 301 
Burnett, J. C., 463 

Cabannes, J., 244 
Cadett. J. W. T., 93 
Cadmium lamps, 209 
Calcium salts in water, 197-8 
CaldweU, W. H., 255 
Calgon, 197 
Callier, 138 
Callier effect, 377 
Calzavara, £., 149, 163 
Camera (s) — 
autographic. 125 
beach photography, 113 
care of, i28-<) 
cases, 1 13 
commercial, 110-2 
copying, 108-9 
double exposure locks, 105 
extension, 107 
fix-focus, 59 
focusing cloth for, 110 
focusing of, 118-9 
focusing of studio, 108 
folding, 1 18 
for colour, 569-70 
hand. 116-29 
hand-stand, 113 
materials for, 116 
miniature, 116-8, 126 
obscura, 26 
panorama, iii 
panoramic, 48 
parts, nomenclature, 106-8 
pinhole, 26 
portable stand, 110-2 
reflex. 122-3 

repeating back for, 109, 110 
roll-film, 125-6 
sensitive material for, 124 
stand, 106-15 
stands for, 112-3 
stands for studio, 1 10 
stereoscopic, 545-5* 
street photography, 113 
studio portrait, 109-10 
supports of, 127-8 
smgmg, 102 
technical, 110-2 
testing of, 114-3. 
threads, 113 
twin lens, 123-4 
view, 1 10-2 
“whiie-you-wait," 113 
Cameron, A. £., 242 
Cand^, xo 
Candle, standard, xo 
Canadtor flash guns. 211 
Ca^^, J. G., 250, 278, 283, 290, 328 

Carbon pigment paper— 

. drying. 466 
eiqpomg, A67-8 
negatives for, 467 
preparation of, 463-4 
sensiticing of, 464-6 


storing, 466-7 

Carbon pigment potutives, 471 
Carbon pigment prints — 
development, 470-x 
double transfer, 471-5 
single transfer, 468-70 
intensification and toning, 471 
Carbon printing — 
failures in, 474-5 
without transfer, 475-0 
Carbon process, 462-4 
wet, 586 

Carbon tissues, 361 
Carbonates in developers, 269-70 
Carbro — 
colour prints, 563 
process, 362, 488-9 
process, mechanism of, 489 
process, trichrome (See Trichrome carbro) 
Carey-Lea, 173, 233, 255, 430 
Carlton, H. C., 290 
Carnegie, D. J., 339 
Carpentier, J., 49, 515, 547 
Carriers in dark slides. 107 
Carroll. B. H., 151 
Cartwright, H., 348, 465 
Cases for cameras, 113 
Catechol, 265 
Caustic of lens, 32 
potash. 269 
soda, 268-9 
Cazes, L., 367, 548 
Cazes stereoscope, 542 
'‘Cellophane” facing of prints, 447 
Color, 68 

Ceramics, photographic, 482 
Chales, C. M. de, 517 
Channon, H. J,, 390 
Chapman Jones, 316, 337 
Characteristic curve, 138-42 
and wavelength, 152 
description of, 14 1-2 
time and intensity scale, 141 
Charbon velours, 475 
Chardon, A., 479 
Charles, D., 515 
Charriou, A., 442 
Chemical(8) — 

action on emulsion layers, 137 , 
development, 238-9 
fog, 246-8 
^ general, 194-20X 
keeping of, 195 
purity of, 194 
ready-weighed, 201 
unstable, 194-5 

Chemi-luminescence in development, 248 

CheltzoS, V., 249, 254 

ChevaU^:, O. L., 64, 65 

Chibisoff, K., 249, 254 

Chicandard, 298, 30X 

Chilton, L. V., 61, 365 

Chinese ahadows, 557 

Chlorhydroquinone, 265 

Chloride papers, black-tone, 4x8-9 

Chloronol, 262 

Chlorquinol, 265 

Chxistiattsen, J. H., 438 

Chrome-Ahim, 28a 
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C.I.E. 

Gne developers, 290-1 
Circles— 
of confusion. 54 
of least confusion, 33 
Gtric acid, 391 
Clair, A., 480 

Clark, A.. 69. 137. 274 . SM 
Claudet, A., 547, 558 
Clayden efiect, 144, 329 
Cleaning of darki^m utensils, 192 
Clerc, L. P.. 54. ^01, 258, 316. 320, 335. 343. 433. 514, 
516. 537. 549. 555 
Clocks, darkroom. 193 
Qoth printing, photographic. 486-7 
Cc»ti^ thicknesses, 177 
Coincidence focusing. 216 
Coimac. G. M., 380 
Colardsau, £., 535, 543 
Coleman, H. S.. 146 
Collodion process, 130 
Colorimet^, 5 
Coloar — 

balance for separation negatives, 568-9 
development. 262-3 
fundamentals of. 1-9 
materials, exposure, 220-1. 223, 229 
photography, practice of, 575-86 
photography, principles of, 560-6 
•print processes, 578-86 
•proem by ferrocyanides, 433 
sensitivity tests, 152-4 
specification, 4-6 
tone reproduction, 154-65 
transparencies. 575-8 
truisiutfencies. s^rations from, 371-2 
triangle. 6 
Colour^ — 


objects, photography of, 163 
prints, 504-7 
Colson, R., 253 
Coma, 34 

Combination photographs, 499 
Commercial cameras. 110-2 
Composition, principles of. 217-8 
Compound shutter, 97 
Compression of intermediate tones, 425-6 
Compur dtutters, 98 
‘ Comkock, D. F., 225 
Concentration — 
of solntion, 196 
stereoscope, 558 


for enlargers, 379-80 
projection. 524 
Condit. H. R., 231 
Conjugate points of lenses, 44 
ContagiOas development, 253 
CoDitant-gamma emulsions, 152 
Contrast— 


of papers, 364-5, 406-7 
redoction in printing, 374 
Contrcil of developers. 276^ 
Convertible lenses, 67-8 
Cooke, T., 67 

Cooper>Hewitt lanqps, 209-10 
Copper toning, 436^ 
Ceprte 507-14 
by dttso GomiMMinds, 509 


of documents, 512-3 
reflex, 507-9 
with a camera, 510-2 
Cordonnier, G,, 426 
Corks, 195 
Cornu, 173 

Coupled exposure meters and cameras, 229-30 
Cousin. £., 231. 258 
Covering power of silver, 247 

Crabtree, J. I., 191, 197, 202, 251, 252. 261, 274, 277, 
279. 285. 286, 288, 290, 2Q1, 292. 293, 294. 300, 
305. 306. 314. 315, 341. 345, 356. 424, 438 
Crawford, J., 505 
Cromer, G., 56, 541 
Crooke radiometers, 230 
Crookes. W., 525 
Cros, C., 479, 560 
Cross, C. F.. 487 
Crystalline, definition, 194 
Culham, I. M.. 169 
Cunningham, W. T. R, 339 
Curl in papers, 402 
Curvature of field, 35 
Cussen, 226 
Custers. J. F. H., 366 
Cyanotype paper, 455 
Cyman, T., 149 

D76 Developer. 290-1 
Dagor, 67 
Dagron, 514 
Daguerre, 64 

Dagueirotypes, copying of, 512 
Dallmeyer, J. H., 64, 65, bg, 95 
Dark slides, 108-9, 111-2, 115-6, 124 
loading of, 203-4 
unloading of, 204-5 
Darkroom (s) — 
accessories, 188-93 
clocks, 193 
equipment, 183-7 
floors, 183 
for amateur, 1 83 
general equipment. 187 
heating, 185 
lighting, 179-82 
passages, 184 
professional, 183-4 
sinks, 185-6 
thermometers, 193 
utensils, cleaning of, 192 
ventilation, 184-5 
white light in, 186-7 
Daubresse, A., 547 
Dauvilliers, A., 236 
Davenport, W. S.. 458 
Davey, E. R, 152 
Davidson, L. F., 239 
Davies, C. R., 275, 562 
Davis, L., 96, 138 
Davis and Gibson, 174, 206 
Daylight, quality of, 206-7 
De^ux, L. R., 94 
Deck, N. C., 346 
Deckel, F., 97 
Defects in negatives, 322-7 
Definition — 
of images, 39 

of photographic images, 145-7 
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Definition (contd .) — 
reduction in printing, 374 
Deformation — 
of images, ig 
paper, 445-6 

Deformations in stereoscopy, 537-8 
Deisch, N., 377 
Delaine, 171 

Deliquescent chemicals, 194 
Dclmotte, P., 407. 413 
Demachy, R , 483 
Demarcay, J., 91 
Densitometers, 147 
Density, 7 

contact printing, 13H 
definition of, 12 
diffuse, 138 
measurement, 138 
specular, 138 
surfaces, 142 
I^epth — 

development, 249-50 
(jf field, 55 60 
of field of eye, 25 
of field scalci, 121 
t)f focus, 60 
Dermatitis — 

by desensitizers, 235 
by developer, 268 
by metal, 266-7 
Dersch, 178 

Desalme, J., 258, 266, 288, 428, 475 
Desensitization, 131, 233-7 
by developers. 233 
1 )esensitizer(s)-‘ 
and safelights, 180 
chemical action of, 234, 235 
developt’r, 256 
stain from, 234. 237 
Desensitizing baths, 237 
power, 236 
practice, 235-7 
Developer (s) — 
additions, 263 264 
alkali, bromides in, 272 
alkalis in, 268 
bromide papers, 414 
carbonates in, 269, 270 
chloranol, 262 
complex, 261, 262 
components, 264 
constituents, 258 
desensitizer, 256 
exhaustion, 275 
ferrous oxalate, 255, 25O 
fixer, 294 
formulae, 287-94 
hydraminc, 262 
inorganic, 255, 256 
metoquinone, 262 
meritol, 262 
organic, 256-64 
ortol, 262 

oxidation products, 262 
paper, 412, 413 
replenishment, 275, 276 
s^ium hydro-sulphite, 256 
. sulphide in, 261 
sulphites in, 271-2 

39— (<5*3630) 


tanning, 262 
testing of, 276-9 
Developing — 
agents, organic, 264 
function, 256-8 
separation negatives, 567-8 
Development, 238 
acceleration by dcsensitizers, 237 
agitation effect, 253 
agitation in, 274-5 
alkalis in, 258-tio 
bromide effect, 250 
chemical, 131, 2^8-ij 
chloride papers, 419 
colour, 262-3 
contagK)US, 253 
definition, 130 
dilution effects, 248-9 
emulsion surface, 264 
, fog, 246-8 

image distribution, 249-50 
in depth, 240-50 
inertia, 251 
infectious, 253 

judging completion of, 281-2 
mechanism of, 243 
methods of, ?86-7 
of chloro- bromide papers, 422 
of flash exposures, 214 
of large prints, 414 
of papers, 41 1-3 
local control, 415 

oxidation products, effect of, 252 -3 

physical, 130, 238-9 

practical notes on, 272-84 

rapid, 284 

rate, 243-6 

streaming effects, 252 

sulphite in, 260-1 

temperature effect, 254-5 

time, 280, 281 

transparencies, black-tone, 416-7 
tropical, 285-6, 293-4 
two-bath, 279-80, 291-3 
warm-tone, 421 
Watkins factorial, 414 
wetting agents, 285 
working procedure, 284-7 
Deville, E , 510 ’ 

Diamant-Eerde, H., 264 
Diaminophenul, 267 
JDiamol, 267 

Diaphragm shutters, 95-8 
Diaphragms, 52-3 
Diapositive plates, 402 

Diapositives {See also Lantern Slides or Trans- 
parencies) 
warm- tone, 419-21 
Diazo — 
copying, 509 
printing, 487 
Diazotype, 487 
Dichroic fog, 247, 325-6 
Dichromate [See Bichromate) 

Didier, L., 479 

Dieterle, W., 149, 164 

Diffraction image, light distribution, 38 

Diffusing screen, 217 

Dimsdale, W. H„ 160 
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DIN spwtls, 174 
Diopters. 44 
Diphenylamme, J57 

Directional effects in development. 2 3 -£-3 
Direct positive processes, 32K-33 
l>irt on emulsion surface, 204 
Dish deveUqiment, 280 
IMshes, darkroom. 188 -«>i 
I hstortion- 
by drniiy. 310 
oi images. 30 
ri'ctihcation of, 514 it 
Distortions {.SVc IVformatioiis) 

Document — 
copying. 512 3 
cop>nng camera. loS <1 
Doffin. H. B , 308 
Dogilbert. F . 511 
Donnadieu, L,5i2 
Donne, int 
Dorel. J.. 454 
Dorst, F W.. 401 
1 >OM‘-meter for light, 230 
Double-exposure locks, 105 
I )oubie-plate shutter, g5 
Double refraction in lenses, 43 
IXivc, H W , 542 
Doyen, 530 
Draper,'/. W,. 151 
Ihifteld, 13K. 140, 141 
I>rop shutters, <)o. gi 
DrouiUard, C., 32M, 353 
Drouin, F., 342, 547 
1 )rying”- 
apparatus, 444 
by alcohol, 3i«>“2i 
by dehydratifm, 32 1 
by heat. 3H^-20 
by salts, 231 
cabinets. 318 
cine film. 318 -11 
drums, 318 
image distortion, 310 
machinery, 318 
negatives, 317-21 
physics of, 317 -8 
prints. 443-3 
racks, 318 

I>ry*mountmg, 4*8» 8 
failures, 408 
tissues, 498 
Dubois, M., 331, 420 
Dulxwcq, J., 517, 542. 543 
Dubreton, J., 433 
Duclaux, J., 149. 235 
Ducos du Hauron, 148, 543, 5O0 
Duerr, 178 
Diilaycolor, 376-7 
film, 361 

Dnfaytisaiie proceas. 5®4 -6 

Dundon, M. L.. 247, 261. 269, 278, 283 

Ihinn, J. F., 225 

Dunning, A, H.. 432 

Duplkaten, 417-8 

13 ttpiu», C.,.55f> 

Duct on emulsion surface, 204 
l>nsttng-oo process, 361, 482-3 
DntoTifi 
Duvivier, C*. 3®7 


Dye sensitiaation, i4‘>-52 
Dye toning, 437-41 
Dye transler process, 365, 382- 4 
Dyes — 

desensitizing {See Desensitizers) 
for toning, 45d ' 
sensitizing, 150, 151 

Kastman Kodak Co. {See also Kcxlak}, 356, 393 

Kastman Pola screen. 82 

Katon, C,. T.. 3ofj 

Kberhard effect, 233 

Edcr, J. M.. 149. 235. -’b5. 3«0- 433 

Kdge effect. 253 

Kd wards. B. J . 338, 470 

Kfticiency of shutters, 88-9, 91 

Kfilurescent chemicals, 194 

Kggert. J . 135. 138. 142, 143. 148. 151, 181, 228. 278. 

32y 

Egli, C., 255 

Kktachrome, 505. 577-8 

Kktacolor. 563 

Electric charges on him, i(>9 

Electrolytic regeneration of fixing baths. 307 -8 

Electrolytic replenishment, 27O 

I'llectronic flash, 213-4 

Elliot, F. . 254, 300. 53(> 

Elon. 26I> 

Elsdcn. A. V., 311 
Embossing of prints, 4 (h> 

Emmermann. 41 1 
]iniulsion(s) — 
making. 132-3 

orthochromatii, fi>r |N>riraitijr(‘, 100 
|H)sitive, 403 
jmiiHTties, 133 «> 

removal from waste negatives, 337 
spectral sensitivity of, 148 54 
spraying. 403 
Knamelhng pnnts. 44<>-7 
Enamels — 
imitation, 498 
photographic. 361. 482 
Ii:nlarger, mixed lightmg, 383 
Enlargers — 

adjusting light in, 380-1 
condenser, choice of, 381-2 
condensers for, 379-^0 
diffusedight, 382-4 
various, 383 -4 
vertical, 383 
ICnlarging, 37O--88 
by directkl light, 378^ 82 
detail, loss of, 378 
focusing in, 383-0 
illumination effect, 376-7 
masking in, 386-7 
negatives for, 377-8 
practice, 384-8 
shading in. 386-7 
soft-focus, 386 
to large size, 3S7-8 
tone compression, 387 
Entrance pupil {See Pupil) 

Entrances for dtfkroom, i8.f 
Eurygraphe lens. 67 
Equal-energy sp^rum, 9. 153 
Ennen, W. A.. 340 
Emostar, 69 
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ILrnst, Pm 508 
Escapement shutters, 97-8 
Estanave, Em 545 , 55* 

Etchings, photographic, 504 
Ether, 349 

Evans, C. IL, 13O, 144, 178, 248, 263, 275, 278 
Everset shutters, g8 
Exhaustion of developers, 275 
Exit pupil {See Pupil) 

Exposure, 219-32 
addition, 132 
against the light, 221 
altitude effect, 220 
aids, success of, 224 
calculations, 230-2 
distance of subject, 221 
errors, 219-20 

focusing screen method of estimation, 225 
for colour materials, 220-1, 223, 229 
for reversal materials, 220-1, 223, 229 
for shadows, 221 
image movement, 222-3 
latitude. 219 

meters, acceptance angle, 227 
meters, coupled to cameras, 229 
meters, extinction, 225-6 
meters, general remarks, 224 
meters in artificial light, 228 ^ 
meters, photo-electric, 226-9 {See also 
electric) 

meters, photometers, 224 5 
moving objects, 222 3 
of papers, 40<) 
range, 142, 2i<) 
reciprocity effects, 221 
scale of reproduction, 220 
subject factor, 220-1 
tables, 231-2 

warm-tone transparencies, 420 1 
Extension — 
boxes, 107 
camera, 107 

Extinction meters, 225^) 

Eye — 

contrast sensitivity of, 14 
depth of field, 25 
sensitivity, 13-5 
spectral sensitivity of, 148-9 

Fabry, Cm 148 

Fabric printing, photographic, 486 7 

Factors, filter, 158-60 

Faerman, Hm 242 

Fajans, Km 136 

F^enthal, Em 226 

Falla, Lm 144 

Fargier, 463 

Fanner, Hm 99 , 244, 286, 488 
Farmer's reducer, 262 
for papers, 424 
Faults in nentives, 322-7 
Fawkes, C. Em 424 
Peer, Am 487 
FeUoes, Em 4^ 

Ferguson, W. Bm 254, 436 
Firon Vrau, Pm 526 
Ferraniacolor, 565 
Ferrocyanide toning, 433-5. 437 
Perro-^Uic papers, 455-6 


Ferro-prussiate papers, 452-5 
‘Ferrotypes, 328 

Ferrous oxalate developer, 255-6 
F6ry, Cm 146 
Field — 

curvature of, 33 
of view, 40 
of view of prints, 22 
Fieldler, A., 197 
Filing of negatives, 338-9 
Film(B) (Stffi also Material, photographic)- 
auto^aphic, 125 
backing removal, 336, 337 
base, 167, 168, 160 
base, properties of, 168, 169 
general properties, 166-78 
hangers, 188, 189, 190 
notching of. 204 
packs, 124. 126, 127 
. positive, 402, 403 
properties of, 177 
strips, 402-3 
Filter factors, 158-60 
Filters, 6-9, 154-65 
absorption curves. 157 
analysis, 371 
care of, 81-2 
cleaning of. 81-2 

Photo- for darlnoom lamps. 180 
for portraiture, 160 
for sky photography, 163 
narrow-cut, 571 
optical effects of, 79’-84, 8() 
polarizing, 82-4 
positioning of, 8o- i , 86 
sky, 86 
tri-colour, 569 
vision, 134. 164 
yellow, 157 
Filtration, 200 
Finder (s), 119-21 
\lbada, 121 
frame, 120 
Newton, 120 
telescopic, 121 

Fine-grain developers, 289-90 
Finger marking, 324 
Fischer, Rm 263, 407, 487 
Fisher, F,, 197 • 

Fixation, 297-310 
chemistry of, 298-g 
contamination effect on, 300-1 
iodide-rich materials, 306 
mechanism of. 299 
of papers, 422-3 
practice of, 305-6 
provisional, 283 
rate of, 302-3 
two-bath, 304 
Fixing bath — 
acidity maintainence, 307 
additions tq, 300-1 
alum in, 301 

exhaustion measurement. 304-3 
exhaustion of, 301-2 
formulae, 305 
hardeners in, 300-1 
preparing, 303 
regeneration of, 307-9 
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i'lzean. qo 
Flap shuttcTb, ^3-4 
Flash- 
bulbs, JIO-2 
electronic. 213-4 
Kuns, capacitors, Jii 
Flexiclrone process, 305 O 
h'luorescent lamps, 210 
■'Kluontc'’ enlarger, 383 
Focal length — 
definition, 30 
determination of, 47--<» 
FtKal-planc shutters, t»8-io2 
Fikus — 

chemical, 31 
definition, 30 
depth of. Oo 
soft, 216-7 
Focusing, 2i5--<» 
automatic, 49-51 
cloth, 110 

in studio cameras, 108 
of cameras. 118-9 
scales. 39 
Fog. 246-8 
chemical, 133 
dichroic, 247. 325-6 
distribution. 248 
marginal. 323 
restrainers, 258 
time curves, 1 40 
Folding cameras, 1 1 8 
Foot-lambcrt, definition of, 11 
F'ordos, 39H 

F'orch, C. and l^hmarin, h., oi 
Forensic photography, 513 
Forgeries, 513 
Formalin, stability of, J04 
Formstecher, F., 403, 407, 408 
Formulae — 
developer, 
expression of, 19^7 
F'oster, L. V’., 380 
Foucault, 69, t)o 
Fournes. E., 264 
Frame — 
finders, 120 
masks, 372 3 
Framing prints. 5o(j 
Franzos, H.. 557 
Fraunhafer lines, 2 
Frederick, C. W., 80 
Fresnel lens, 123 
Fresson, 475 
Fricke, H., 258 
Frieser. H., 239 
Frilling, 326 

Front, rising and cross, io(i 
Frdtschner, H., 261 
Ffichs, W., 197, 248 

Gakdicke, 29H. 304, 311, 393 
(laisman, H, J., 123 
(Gamble, C. w., 528 
C^mma — 

definition of, 140 
time curves, 140, 282 
ivavelength relation, 152 
Gans, K.. 197 


Galilean finder, 121 
Garbutt, F. E., 307 
(■arnier, 482 
Gaslight papers, 3(10 
Gauntlett, M. D.. 152 
(^ffken. H., 230 
Gehrke, W.. 71 
(seLatine — 

preparation of. 132 
reliefs, drying. 480-1 
swelling, 273-4 
(ielis, 3t»8 
Genet, E., 217 
Genor, 2f>(> 

Gcrsacsev’ics, O., 557 
Gcvacolor, 3(>5 
Ghost images, 41 
Gibson, K. S , 174 
Gillon. 120 
Gimpel, L , 544 
C*lass for plates, 166 
optical, 64 
thicknesses, 167 

(.ilasswarc fi>r darkrooms, 191 2 
j Glazebrook prisms, 82 
(rlazing — 

prints, 441, 447 
trouble. 449 

Glover, B. T. J., 85, 403. 411, 414. 419 
Glycm, 267 
develo|:KT, 288 
Glyconiol, 288 
(Wxldard, S. C., 132 
(»(»dowski. L , 263, 2<)8 
ftc»ld chloride, 394 
(^old toning, 432 
Croldberg, 146 
(ioldlicrg condition, 3(>3 
(iolden Mean, 492 
Croldschmidt, K. B., 513 
(roudwin, H., 1O7 
Goselin, E , 345 
(irainincss, 145 
Grandmaltre, F., 478 
(granularity, 145, 239 
and reduction, 347 
in development, 249 
Gray, le, 397 
(trecn, A., 487 
(ireenall, T H , 424 
Grinten, F van clcr, 487. 509 
(•rivulas, 336, 357 
Grondahl, L. ( 3 ., 226 
Grottlees, C. J. D von, 151 
Ground'glass screens, 215, 266 
Grubb, T., O4, 65 
Grundy, 298. 304, 31 1, 389 
Guerry, C., 93 
Guide numbers, 212 
Guillemot. 201 
Guillotine shutters, 90-5 
(^um bichromate process, 476-9 
coating, 477 

exposure and development, 477-8 
Cium bichromate, sensitive material. 476-7 
Gundelfinger, A. M., 435 
Gunther, W., 225 
Gurney, R. W., 136 
Gusseron, 487 
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Gutekunst, G. O., 149 

Habkrmann, H., 228 
Haddon, 298, 304, 311. 389 
Haelsig, A , 252 
Haines, A., 412 
Halation, 170-3 
prevention of, 172-3 
Hall, V. C , 143, 149, 197, 238 
Haller, H. L., 149 
Halluin, M d’, 544 
Hamer, F. M , 149, 234, 235 
Hammond, L., 557 
Hand cameras, iifi 29 
Handling of— 
photographic materials, 203 
sensitive materials, 202 3 
Hand -stand cameras, 113 
Hanson, W. T., 263, 275, 270 
Hardeners in fixing baths, 300-1 
Hardening — 
baths, 282-3 
of papers, 422-3 
Hardy, A C., 462, 479 
Harmonization of prints, 426 
Harrison, G. R., 142. Th4, 228 
Hart, K. W., 310 
Hartiing, 135 
Hauff, J , 2bi 

Hauron, L , Ducos du, 148, 54^, 360 
Hawks, N. C., 456 
Haze, photography in, 100-3, 103 
H. and D speeds, 174 
Heads, universal, 113 
Heating of darkrooms, 183 
Hecker, 344 
Hedliczka, F., 392 
Heim, F., i8o 
Heisenberg, E., 329 
H61ain, 338, 395 
Heller. H.. 346 
Helmholtz, 533 
Henn, R. W., 197. 290 
Herotar screens, 82 
Herscbel effect, 329 
sensitized, 234 
Herschel, J., 143, 297. 452 
Hertzberg, J., 432 
Hesse, M., 363 
Hesthal, H., 142 
Hewitt, C., 209 
Heyde, G., 225 
Heydccker, W., 245, 255 
Hiatt, G. D., 268 
Hickman, K. C. D., 305, 307, 308, 312, 313, 314, 317. 

332. 343. 385. 430. 442 

Higson, G., 346 
Hilsch, H.. 135 
Hodgson, 208, 239, 417 
Hoegh, E. von, 67, 68 
Hoffmann, P. O., 244 
Homolka. B,. 149. 178, 262 
Hoods {See L«ns Hoods) 

Hopkins, R. S., 383 
Horizontal, swing, 107 
Hubert, H., 544 

Httbl, A., von, 157. 208, 244, 264, 279, 291, 457. 481 
Hudson. £., 248 
Huillard, X2o, 231 


Hurter and Driffield, 318. 140, 141, 174, 256 
Huse, 208, 336, 339, 340, 346, 439 
Hiittig, R., 99 
Hydramine, 2f)2 
Hydrated crystals, i()4 
Hydrofluoric acid, 355 
Hydrogen ion concentration, ic)8-^ 
Hydroquinone, 2(15 
yellow, 2 b‘i 
Hyflrotype, 361, 

Hyperfocal distance, 57 9 
Hypcrsensitizalion, 131, 178 
Hypo, 2<)7 8 
eliminators, 316 
fixing capacity ol, 301 j 

I (M. STANDARDS, .5 
Identification nogalives. 20s 
Igepon, 285, 44O 
I. G. Farbenindustrif, 235, 430 
Ilford, 392. 403 
colour film, 577 
Illumination- 
definition of. 10 
meters, 225, 229 
under different conditions, 207 
Image(s) — 

brightness and relative aperture, f>o-i 
colour, 362 

distortion on prints, 445 -6 
false, 41 

formation, geometry of, 46 
geometrical accuracy of, 1 49 7 
latent {See Latent Image) 
light distribution in, 39 
movement, exposure, 222-3 
real, 29 
scale, 43 
spread, 146-7 
tangential and radial, 33 
virtual, 29 

imperial measures, 196 
Incandescent lamps, 208-9 
Indexing of negatives, 358-9 
Indicator papers, 198 
Induction period, 239. 244 
Inertia, development effect on, 251 
Infectious development, 253 
Infra-red photography, 161, 164-3 
lenses for, 32 
Ingman, T. M., 307 
Integral- 

photography, 545-6 
tri-pack films, 564-5 
Integrator for light, 230 
Intensification, 334-43 
by mercuric iodide, 338-9 
by pyrogallol, 342 
by quinone thiosulphate, 341-2 
by various methods, 342-3 
choice of method, 335-6 
chromium. 339-40 
local, 348 

mercury two-bath, 336-8 
of papers, 423-4 
optical, 334-5 
proportional, 280, 335 
sub-proportional, 335 
super-proportional, 335 
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Intensification {contd .) — 
with copper. 340-1 
with silver, 340-1 

Intensity-scale characteristic curves. 141 

Interim ttency effect, 143 

Iodide- 

elimination from fixing baths, 303, 3o<i 
in developers. 263 
Ion exchanges, 197 
Ins diaphragm, 53 
Iron — 

salts processes, 452-<) 
toning, 436 
Irradiation, 145 
Isochromatic definition. 140 
Iso-electric point, 244 
Iso-electric point of gelatine. 273 
Isohehe, 427 

Ives. 208. 252. 275. 285. 286, 438. 545. 557. 5O0 

Jacobsohn, K.. 262 
Jager, G., 558 
Jaenicke, 294 

James, T. H.. 237. 243, 244, 247, 248, 258, 261. 265, 
268. 272 
Jamin. 90 
Janssen. 144 
Jausseran, C . 343 

Jay. 3*3 

Jeantet, P , 149 
JcUey. E. E , 269. 314. 429 
Jenny, 1 -., 290. 407 
Jensen. 248. 231 
Joachim, H., 525 
Joanovitsch, P., 202 
Jobhng, V., 595 
Joderus, A.. 420 
Jodi, R.. 262 
Johanson. K., 161 
Joly, E., 86 
Jones, Melvill, 500 

Jones, M. W., 137. 143, 175, 177, 208. 231, 275, 278, 
283. 365. 377, 405. 407. 424. 429 
Jonon. A., 56 
Jonbert, 93. 316 
Joubm, 91 
Joules. 213 
Jourdan, A., 268 

Kailich, K. H.. 462 
Kalart, 213 
Kallitypc, 456-7 
process, 361 
Kanolt, C. W., 545 
Keeping — 
of chemicals, 195 
of materials, 177-8 
of photographic material, 202 
Kehle, £.. 399 
Kelvin dwees, 3 
Kendall, f. D., 149, 235 
Kerr, G. P., 206 
Kerriiaw, 92 
Kickman, 344 
'Kieser, K., 404, 407 
Kinofdaamat, 69 
KHs In dark slides, X07 
Kleine, 263 
Kkittsenirod, P. G.. 148 


Kleist, W., 248, 250 
Klugnardt, A., 69, 102 
Kmght, J. H., 558 
Kodachrome. 577 
Kodacolor. (new). 565 
Kodacolor (old) process, 560-1 
Kodak, 439 {See also Kastman Kodak) 
fluorite enlarger, 3 83 
Kodelon. 266 
Koegel, G.. 487. 313 
Koehler, A., 324 
Koemg, W,, 

Koenigs. (»., 30 
Kogelmann, 293 
Kopp. E , 486. 487 
Kornfeld, G., 104 
Kostinsky eftect, 233 
Kowaliski, P . 146 
Kraus. 94 
Krause. H., 343 
Kreveld, A., van, 

Kropf, 428 
Krosmoscopc, 3(»o 
Kuhn, H.. 476 
Kunz, C. J.. 275 
; Kuster, A . 138, 228 

LABBLI.ING of chemicals, 193, 190 
La Blanch^re, 352 
Laborde, Abb<&. 463 
Labussi^re, G , io<). 314 
I.agono, A., von, 383 
Lamer, A , 298, 300 
Lainer effect, 263 
Lambert. R. H., 151 
definition of. ii 
Lamps (Set, Light Sources) — 
arc, 208, 322-4 
cadmium. 209 
fluorescent, 210 
j incandescent, 208-9 

mercury vapour, 209-10 
projection, 321-4 
spe^ral qu^ty of, 207 
tungsten, 208-9 
' Lan Davis, 96 
Lancaster. 91 
Land, £. H., 82, 114, 344 
Landscape photography, 160 
Lane. G. T., 507 
Langenheim, 513 
Langer, E. O.. 408 
Lantern lecture, 528-30 
Lantern — 
plates, 402 
slide carriers, 524 
slide projectors, 520-6 
slides, 517-30 

arranging for lecture, 529-30 
spotting and binding, 5x8-9 
standard sizes, 517-8 
warm-tone, 4x9-21 
Lassus St. Genids, de. 545 
Latensification, 178 
by salelights, 182 
Latent image, 130, 135, 136 
by « parses, 136 
by protons, 136 ' 
by x-rays, 136 
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Latent image [amid .) — 
distribution, 135, 330 
fading by desensitizers. 234 
intensification, 178 
Latitude of exposure, 210 
Lead — 
acetate, 398 
nitrate, 398 
oxalate, 43K 

lecture hall illumination, 528-<i 
lecture halls, 528-() 

Lee, H. W., bq, 71 
Lecrmakers, 15 1 
Lefevre, J., 204, 330 
LefiFraann, H., 296 

Lehmann, H., TO4, 367, 557 {Scr also h'orch and 
Lehmann) 

l^-tber, F . 262, 328, 330 
Leimdruck, 47O 
Leitner, A., 349 
Lejcunc, F., 433 
Lemairc, L., 480 
Leml>ach, 257 
l^nhard, 80 
Lenouvel, L., 254 
l^ns(es) — 

absorption of light in, 40 
achromatic, 31 
aiiachromatic, 63, 66 
anastigmatic, 66-8 
antiplanatic, 66 
aperture {See Aperture) 
aplanatic, 65 
auxiliary, 31 
boards, 106 
caustic of, 2 (x) 
choice of, 63-72, 73-3 
cleaning of, 7^7 
combinations of, 31 
conjugate points of, 44 
convergent, 29 
convertible, 67 
Dagor, 67 

determination of focal length, 47-1^ 

Kurygraphe, 67 
faults of {See Aberrations) 
field covered by, 73-3 
for colour, 568-9 
high-aperture, 69 
hoods, 84-6 
light scatter in, 40-2 
light transmission by, 40 
mechanical defects of, 43 
mounts, 72 
Petzval, 64. 65 
power of, 44 
preservation of, 76, 77 
projection, 5^4-5 
Wotar, 67 
rectilinear, 65-6 
soft-focus, 217 
attochlhents for, 86 
Stereoscopic effects in large, 43 
subsidiary, 31 
supplementary, 78-9 
suTiaoe coating of, 41 
symmetrical points of. 45 
tele attachments for, 79 
telepdioto, 69-71 


temperature effect on, 37 
testing of, 75-6 
transmittance of, 61 
triplet, 67 
variable focus, 71 
wide-angle, (>8 
Lenticular films, 561-2 
I^pinay, J Mac^’ dc, 558 
Leupnld, 33c) 

Levels, 121-2 

Licmpt, J. A M van, 213 

Liesegang, 353 

Light - 

distribution in images, 30 
filters (.S>f Filters) 
fundamentals of, i-t) 
integrators, 230, 371-2 
intensity and weather, 206 7 
quantity, definitions, 10 
. sources, 7, 8, 9. 206-13 
sources for darkroom lamps, 1 80 i 
sources, 5 

sources in enlargement, 376-7 
-traps for darkrooms, 184 
ultra-violet and infra-red, 3, 4 
waves, 1 

Lighting for darkrooms, i7t>-82 
Lipowitz, A., 226 
Lippmann, G., 148, 545 
Lippmann colour process. 566 
Idthium hydroxide, 26(1 
Liver of sulphur, 430-1 
Loading dark slides, 204 

Lobel, I.., 225, 264, 330, 331, 3O7, 420, 439, 308, ‘ 28 

J^ral, 285, 446 

Loveland, R, P , 136 

Lovichi, A., 275 

Lozier, 323 

Luft, F., 252 

Luhtenstein, F,, 333 

Lumen, definition of, n 

Lumen-seconds, 11 

Lumi^re, 233, 235, 240, 255. 257, 259, 260, 2O2, 266, 

290, 294, 295. 298, 302, 303, 304, 31 1. 313, 316, 

321, 328, 338, 339, 345, 346, 39G, 398, 399. 428, 

430. 431, 438, 442, 481. 526. 346. 557 
Luminosity curves, 2 

Liippo-Cramer, 135, 137, 144, 151. 233, 234, 239. 246, 
250, 260, 261, 290, 295, 298, 302, 303, 304, 306, 
320, 329. 346. 389, 390. 408. 434 
Luther, 135, 143, 280. 341, 345, 407, 557 

Macfi DE L6PINAY, J., 538 
Mackie lines, 253 
Magnifiers, 78, 79 
Magnifying glasses, 21 
Man Ray, 427 
Manly. T., 486. 488 
Mankenberg, £.. 406, 407 
Mann, 94 

Mannes, L. D., 263, 268 
Mannheim. C. A., 363 
Marcou, 523 

Marking of negatives, 203 
Marlow, 173 
Marsh, W., 438 
Marteau, A., 553 
Martin, K., 70 
Maskell, A., 476 
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Masking, 349. 572-4 
in enlarging, 386-7 
Masks — 

for printing. 37^-3 
unsharp, 374 
Massiot, G.. 524 
Mat-albumen paper. 392 
Material, photographic, storage of, 202 
Materials — 
choice of, 176 

choice of negative, for amateur, 171 
photographic, handling of, 203 
speed of, 173-6 
types of, 177 
Mathet. 345 
Mathews, G E., 191 
Mathies, O.. 248 
Mauge, R., 414 
Maxwell, C., 148. 560 
McFarlane, J W., 367 
Mclntire, M., 369 
McIntosh, J., 249, 320 
McQuown, F. R . 295 
Measures for darkrooms. 191-2 
Mechanical action, photographic effect, 137 
Mees, C. E K., 138, 145. 151. 239, 240, 244. 230. 238. 

260, 294, 299, 325 
Meidinger, 133. 136, 144. 239 
Melvill Jones, B., 300 
Mendelssohn, K., 136 
Mente, O.. 387 
Mercier, P., 301, 316 
Mercury lamps, 524 
Mercury- vapour lamps, 209 10 
Meritol, 202 
Mcrrett, H. C , 362 
Merte, W., 69 

Mert^'s polonzation plates, 82 
Metol, 266 
devekipers, 287 
hydrc^uinone developers, 288 
Metoquinone, 262 
Meyer, H.. 233. 243, 263, 316 
Meynier, 395 

Micro-ammeter in exposure meter, 227 

Micro-copying, 313-4 

Microphotogrammetry, 550-1 

Mict, M., 539 

Ifiethe, A., 69, 304 

Milbauer. J., 224 

Milhalyi, J., 230 

Miller. A. J.. 285, 286, 291 

Milliani, G., 298 

Mills. W. H., 149 

Miniature cameras, 116-8, 126 

Afinimnm useful g^ient speed, 173-6 

Mirrors. 84 

Misonne, 86, 387 

Mist, photography in, 160-3, 163 

Mitson, C. H.. 423 

Modulo, 86 

MofSasard, 49. 558 

MoUo. £,. 362. 403 

Midteni, 327 

Monal, 266 

Monckboven. D., van, 338 
Moore. G. S.. 178 
Mordanting for dye toning, 438-9 
Mordants, 262 


Morrison, C. A., 405 
Mott. N. F., 136 
Moulin, M.. 358 
Mountants, 495-6 
Mounting, multiple, 494 
of prints, 493-H 
Mounts — 

choice of, 493 4 
of lenses, 72 

Moving object, exposure lor, 222-3 
Mrozowska, j , 22O 
Muehler, L. E.. 306, 341, 345 
Muller, H. A., 424 
Multiple mounting, 494 
Murray. H. 1 ) , 250, 490 
Murrell, H., 403 

Namias, K . 2(ji. 344. 343. 347, 34H. 398, 411. 433. 43H, 
439 . 48-^. 505 

Naphthalene, structure of. 257 
Narrow-cut filters. 571 
National Physical Laltoratory, 97 
Naumann, R F.., 229 
Negative(s) — 
after-treatment, 334 52 
and positive, i 9 
broken, 327 
defects, 322 -7 
filing of, 338 () 
for enlarging, 377- 8 
indexing of, 338-y 
inspection of, 283-4 
marking of, 204 
materials, properties of, 177 
paper, 171 
separation, 567-74 
storage of, 359 
stripping of, 355-6 
titling of, 357-8 
varnishing, 353-4 
waste, emulsion removal, 337 
worlung-up of, 347-50 
Neighbourhood effect, 753 
Nelson, C. H., 365, 407 
Neutral salts in developers. 214 
Newton finder. 120 
Newton rings in printing, 368 
Nicol, W. W. J.. 456 
prisms, 82 

Ni6pce de St. Victor. 137 

Nietz, A. H., 248, 251, 263, 321. 336. 339, 340, 346 
Ninck, A., 321 
Noddack, W., 135 
Nodal point. 30 
points, determination of, 48-9 
Norrish, R. G. W., 144 
Norton, F. N., 223 
Notching of film, 204 
Nutting, P. G., 88. 179 
Ny T8i-Z6, 371 

Objectives (Ste Lenses) 

Ocenol, 285. 446 
OdencrantB, A., 318 
Oil process, 361. 483-6 
development. 484 
inking. 484-5 
mater^. 483-4 
press transfers. 485-6 
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Oil process (contd .) — 

sensitizing and exposure, 484-3 
transfer prints, 485 
Oiling of paper negatives, 354-5 
Ointments, dermatitis, 268 
One-shot colour cameras, 570-2 
•'One-step” camera, 114 
Opacity, definition of, j 2 
“Opic,” tx) 

Optic axis (.SVf Axis, ojilic) 

Optical centre, 30 
sensitization, T40 52 
Optics {Sec Lenses) 

Organic developers, 25O ()4 
Organic developing agents, 20.| 

■‘Orthograde” paper, 40(> 

Orthochromatic, detinition, 14(1 
Ortho-paiichiomatic, definition, 140 
Orthojihenylenediainiiie, 2OH 
Ortol, 2()2 

Ostermeier, J H , 210 
Ostwald, 243 
ripening, 132 
Otsuki, C., 204 

Outline photographs on wood, 4<io 
Over-exposure, 219-20, 284 
Oxidation, 131 

of developers, 200-1 
products of development, 2O2 
reduction potential {Sec Kediiction-oxidation 
potential) 

Ozabrome process, 488-9 
Ozafilm, 487 
Ozalid paper, 487 
Ozotype, 480 

Packed chemicals, 201 
Palimpsests, 513 
Panchromatic, definition, 149 
Panorama, 24 
cameras, iii 

photographs, printing, 499, 500 
Panoramic cameras, 48 

Paper {See also Material, photographic and prints) 
albuminized, 360, 391-2 
base, 170, 40X-2 
bromide, 413-5 
chloride, black-tone, 418-9 
chloride, development, 419 
chloro-bromide, 421-2 
contrast control, 406-7 
contrast of, 364-5 
cyanotype, 435 
development, 401-2 
development, local control, 415 
development of, 411-3 
dimensional stability of, 171 
exposure of, 408-9 
ferro-gallic, 455-6 
ferro-pruBsiate, 452-5 
fixation, intensification, reduction, 422-5 
gaslight, 360 
hardening of, 422-3 
interleaving, 203 
make-up of, 170-1 
mat-albumen, 392 
negatives, 171 
oiling of, 354-5 
platinum-iron, 457-9 


P.O.P. 360, 389-400 
collodion, 392-3 
fixing of. 397 

from old development papers, 393 
gelatine, 392-3 
gold toning of. 30T, 303 -4 
handling, 393-4 
keeping of, 390 
])latinum toning, 396 
self-toning, 399-400 
sulphocyanidc toning, 394- <5 
thiourea toning, 395-6 
positives, faults in, 448-51 
reversal with, 333 
salted, 390- I 
scale of, 3O5 
self-toning, 360 
sensitometry, 404 -7 
silver-iron, 456-7 
sizes, 494 
speed of, 365 
stop baths for, 413 
tone control, 425-7 
tone range of, 3()3 
l*apigny. A., 558 
Parallax, 536 
compensation, 120 1 
focusing, 216 
stereograms, 544-5 
Paraminophenol, 26(1-7 
developer, 288 

Paraphenylenediamine developer, 28H i ) 

I\arker, H , 251, 292, 294 
Pastes, chemical, 201 
Pan, M., 101 
Pavolini, T., 255 
Pearce, J. N., 500 
Pellet, H., 455 

Pellicles for one-shot cameras, 570-T 
Perforation modulation, 253 
Permutite, 197 
Perrin, F. H., 462, 479 
Person process, 387, 425 6 
Persoz, 486 
Perspective, 19-25 
aerial, 13, 23 
geometrical, 19 
panoramic, 24 
photographic, 53 
Peterson. W. D., 248, 258 
Petzval, 65-6 
Petzval lens, 64-5 
Phenylenediamines, 267-8 
Physical development, 238-9, 295-6 
pH, definition and measurement. 198-9 
pH meters, 199 
Photo-ceramics, 361, 482 
Photo- 
chloride. 389 

electric exposure meter, temperature effect, 227 
electric exposure meter, using, 227-9 
electric exposure meters, 226^ (S^f also Exposure 
meter) 

electric exposure meters, fatigue, 227 
etchings, 504 
Photogrammetry — 
aerial, 548-50 
of small objecjts, 550-1 

Photo-mechanical work, retouching for, 503-4 
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Photometers, visual, -!^4-5 
Photometric — 

constant. 1 (^fc also C'o\ enng power) 
cquiv'alent, 138 
Photometry, 10-12 
Photo-micrograph y . 514 
I*hoto-montage, 374--.') 

Photo-mordants, prints by, 4H^>-7 
Photo-murals, 403 
Photostat, loq 
1 *hoto-sterei )-synthesis. 54O 
Photo-templates. 403. 507 
Photopic \'ision, 2 
Photo-x'oltaic cells. 226 
Ph3rsical development, 205 -(» 

Piazzi-Smith. 525 
Pictol, 26<.» 

Pictorialism, pnnciples td. 217 -8 
Pigeon, L.. 542 
IHgeon post, Paris. 514 
J- I-. 347 
Pigment — 

prints from silver prints, 488-01 
processes, 460-87 
l^gments, colour of, 4 
Pinacryptol Green and Yellow. 235 
Pinatype, 480 
Pina-white, 235 
Pincushion distortion. 36 
Pinhole camera, 

Pinnow, J., 260 

Piper. C. W., 258. 260, 287. 302, 303, 304. 330 
rtper, C. Welbome, 4H9, 514 
Pitt, F. H. G., 2of» 

Pizzighelli, 50 
Planoscopic pairs, 535 
Plant, 225 

Plate (s) (See also Material, photographic)— 
general properties, 166-78 
hangers, 188-90 
manufacture, 166, 167 
positive, 402 
sizes, 167 
Platinum — 

imitation papers. 456 -7 
iron papers, 457-9 
papers. 457-<) 
process. 361 
toning. 396 
Player, J. H., 508 
Playertype, 508 
PInmbing in darkrooms, 185-6 
Plumbs, 121-2 

Pocket supports for cameras. 127-8 
PoW. R. w:. 135. 546 
Pdisoning, bkhromate. 460-1 
Poitevin. A.. 455, 463 
Folaiisen, 82-4 
Polazoid. 82 
Pola screens, 82 
Miakofi. 1 .. 230 
Polypheiials. 265-6 
Ptope. W. J.. 149 
Popovitaky. A.. 356 
P.O.P. papers. 36a 389-400 
Portrslt— 
attadmients. 79 
cameras, i09» no 
Portrsitme. materials for. 160 


' Positive materials for development, 401-41 
I Positives (See Prints) — 

! direct, 114 

fixation, intensification, reduction, 422 -5 
I sensitometry of, 363-7 
I tone range of, 363 
j Potassium — 

I bichromate, 4(10 
I bromide, 272 
I carbonate, 270 
I chloroplatinite, 39(1 
citrate, 435 

j ferricyanicic, 343, 45s 
hydroxide, 26) 

I metabisulphite, 272 

potassium pyrosulphite, 272 
sulphocyanide, 3()4 
Pouncy, 476 
Porro, L . (kj 
' Powder pr(x:ess, 391 
T*ower - 

I of a lens, 44 

I of telephoto lens, 71 

Powers, O. M., 477 
Prtpognot, 558 

I Press photography, printing. 410 1 
I Pressure effect, 120 
i photographic effect, 137 
I I'Yiest, 1. G., 20ft 
. Principal axis (See Axis, optic) 

; Print - 

deterioration, 440 
finishing. 492-507 
I grainineas, 145 
' quality and safclighls, 182 
w'ashcrs, 443 
I waxing. 498^ 

Pruiters (See Pnnting machines) 
i IMnting — 

actinumeters for, 371, 372 
aerial photographs, 499, 50i> 

I bichromate prcx:esses, 361 
I borders, 373 
lioxes, 36^70 
by diazo compounds, 487 
by drying bienromated gelatine films, 479 -80 
by photo-mordants, 486-7 
colour processes, 578-86 
combination, 374-5 
contrast reduction, 374 
expxMure determination, 366-7 
frames, 366-9 
l^elatine relief. 480-1 
iron salt papers. 452-9 
iron salts, 360-1 
light Integrators, 371-2 
light sources for. 371 
lo^ control, 373-4 
machines, 3^70 
machines, commercial. 370-1 
masks for, 372-3 
materials, 368-75 
methods of, 360-2, 366-75 
of anaglyphs, 556 
of steieograms, 551-6 
panoramas. 499-500 
pigment, from silver images, 48^1 
sensitometry of, 363-7 
shading in, 373 
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Printing {contd ) — 
silver salts processes, 360 
styles of, 372 
Print-out paper, 389-400 
trouble, 449 
Print-out papers. 360 
Prints [See also Papers) 
“Cellophane" facing, 447 
coloured, 504-7 
embossing of, 4(10 
failures, 448- 51 
framing of, 5o() 
mounting of, 4113 8 
retouching of, 501 4 
spotting of, 500 I 
signing of, 372 
stereoscopic, 554-5 
tone range of, lO 
toning and tinting, 427 41 
trimming of, 402-3 
urgent, 410 -i 
N-arnishing, 498-9 
washing, drying, glazing, 442 7 
Prior, P., 367 
Prisms, 84 

Pritchard, H. A.. 248 
Process developer, 289 
l^rocessing- - 
of roll films, 189 
tropical. 285-6, 413 
l*roctor, 30 !, 320 
Projection — 
lenses, 524-5 
practice, 530 
optics, 529 
stereoscopic , 551 -0 
Projectors — 
arc lamps for, 522-4 
cooling of, 525-6 
lamps for, 521-4 
lamp houses for, 521-2 
screens, 526-8 
slide, 520-6 

Proportional reduction, 343 
Protar, 67 

Protons, photographic effect, 136 
Prunier, 345 

Pseudoscopic pairs, 534 -5 
Pulfrich, C., 542 
Pulligny, de, 65 
Punnett, R. F., 132 
Pupils of optical systems, 5 2 
Purkinie, 179 
Purkinje shift. 2 

Puyo, C., 63, 85, 476, 477. 483, 494 
Pyndine bichromate, 460 
Pyrocatechin, 265 
P^ogallm acid, 265 
Pyrogallol, 265 
developer. 287 


Qualitol, 235 
^inol, 265 

Raab, C. O., 229. 300 
Ridnnavitch. A. J., 243 
RAck marks in development, 252 
Racks ior darkrooms, 192 


Radiometer, 230 
Rahts, W., 331 
Range-finders, 121 
Ravel, H., 335 
Rawling, S. O., 263, 280 
Rawlins, G. K. H., 483 
Ray, principal, 53 
Rayleigh, Lord, 161 
Rcboul, J., 137 

Reciprocity failure of dyed emulsions, 152 
law failure, 142-3, 214 
law in exposure, 221 
Rectification of images, 515-7 
Rectilinear lenses, 65-6 
Reducer(s) — 

ammonium persulphate, 346 7 
choice of, 343 
Farmer’s, 344-5 
ferric sulphate, 345-6 
permanganate, 345 
permanganate and persulphate, 346 
proportional, 345-6 
quinone, 345 
subtractive, 344 5 
super-proportional, 346 7 
Reduction, 131, 343-7 
and granularity, 347 
by contact positive, 34<) 
local, 348 
mechanical, 348-9 
of papers, 424-5 
-oxidation potential, 240- 2 
potential, 256 

potential of developers, 2 ^8, 240 
Reed, R. F., 461 
Reflection — 
density, 12 
factor of surfaces, 1 1 
Reflex — 
cameras, 122-3 
copying, 507-9 

Regeneration of fixing baths, 307-9 

Register of lens images of different colour, 568-9 

Regnault, V., 265, 531 

Regression of inertia, 251 

Rehlander, P., 396, 432 

Reichenbach, H. M., 167 

Reinders, W., 241, 242, 256, 259, 287, 289 

Relandin, 92 ' 

Relative aperture, 52 
Releases for shutters, 105 
• Relief — 

images, 262 
sensation of. 531-3 

Renwick, F. F., 135, 278, 280, 407, 491 
Repeating back, 109-10 
Re|>lenishment of developers, 275-6 
Resinopigmentype. 482-3 
Resolution, 146 
Resolving power, 39, 146 
Restrainers of fog, 258 
Restoration to the vertical. 514-^) 

R6tac£ process, 509 
Reticulation, 274, 326 
pseudo, 323 
Retouching, 131, 350-2 
appliances, 350-1 
of prints, 50x^4 
tedmique, 351-2 
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Reversal — 

bleaching methods. 33 j -3 
by Allierl effect, 330 
by Claydon effect. 3^0 
by double exjKisure. 32«» 30 
by Herschel effect. 320 
by solanzation. 144 
by transfer, 114 
ny V'illard effect, 32«^> 
emulsions, sensitometry, 330. 331, 332 
image blackening, 333 
tnatenals. exposure, 220. 221. 223, 2 2() 
methods for ])apers, 333 
processes, 328 -33 
Reversibility of light rays. 44 
Reversing back, 107 
Reynaud. E., 

Reynolds, J , 30*1 
Rhndol, 20<> 

Richard. G. A., 438, 544 
Richards, 301 
Richmond, W. I) , 204 
Richter, H.. 230, 462 
Rimback, H W., 433 
Ripening of emuLsions. 132 
Risson, R., 407 
Riszdorfer. O.. 2 28, 220 
Rochester Optical Co . 1 2<> 

Roller blind shutters, gi 2 
Roll-film. 124 
cameras, r 25 
developer, 28g 
marking of, 204 
processing, 180 
tanks, 189 
RoUmann, W., 543 
Romamce, de, 514 
Romer, W., 251, 365. 427 
Roscoe, 142 
Rosenheck, J , 508 
Rosetti. C., 440 
Rosa, F. £., 314. 356 
Ross effect, 262 
Rott, A., 114, 509 
Rouill^-Ladevdze, 476 
RoussUhe. H.. 446 
Kowatt. J., 483 
Roy. Lc. 255 
Royski, W., 3O5 
Kdmmlcr, £ , 299 
Kubinol, 266 

Rudolph, P.. 66, 67. 68. 69 
Rule, J. T., 539 
Russell effect, 137 

Russell. W. J., 137, i77,*25i, 270, 275, 278, 286, 292, 

294. 305. 328 

Rzymkowski, J., 242, 276, 306 


Sabattibr effect, 144, 427 
Sale)iglit(s) — 
fittings, 181 
for papers, 4*3-4 
lamps, 181 
screens, 180 
testing of. 181-2 
Safety in darkrooms, 181 
St. Buncen, A.. 265 


Salmon, 482 

Salts, neutral, in developers, 274 
Sanger-Shepherd, 479 
Satropol, 2(»6 
Saturated solution. 196 
Savostjanowa, M., 38<) 

Sawyer. K. A.. 143 
Sayce, L. A.. 146 
Scale — 

of paixTs, 365 

of repriKluction and exposure factor. 220 
Scales. 1<I2 -3 
Scatol, 266 

Scenes, brightness range of. 13 
Schaum. K., 2311 
Scheffer, \V.. 239. 347 
Scheilie, (i , i«)i 
Scheicher, 258 
Scheimpflug, T., 514 
Schemer, 141, 146, 174 
Schemer speeds, 174 
Schenng, 316 

Schenng and Kahlbaum. 320 
Schischkina, N N . 242 
SchiU. C.. 541 
Schlichter, VV , 225 
Schlippe's salt, 430 
Schloemann. 403, 408 
Schlotzer, 510 
Schmidt and Haensch, 382 
Schmidt. K , 278, 295, 348, 556 
Schmieschek, IT , 174, 17H, 408 
Schoen, 238 

Schocnfelder, P. K., 399 
Schontag, A., 151 
Schonwald, B., 228 
Schreiber, 341 
Schrott, P. Ritter von, 528 
Schuller. \ , 462, 471 
Schuloff, R., 235 
Schultz, W M., 307 
Schulz, W., 331 
Schumann, V., 148 
Schwarz, G., 151, 243, 248. 290, 419 
Schwarzschild, K., 143 
Schweitzer, G., 333, 390 
Schwerzer, W., 426 
Schwingel, C. H., 274 
Scolik, C., 337, 376 
Scotopic vision, 2 
Screen plates, 361 
Screens (See Filters) — 
diffusing, 217 
focusing, 215, 216 
projection, 526, 527, 528 
safelight, 180 
Scribner, B. W.. 169 
Sease, V. B.. 169. 178, 330 
Secondary image. 259. 262 
Sedlaczek, £.. 316. 433 
Selectivity in development. 247 
Selenium. 396 
toning. 432-3 
Sdf-timers. 103 
Self-toning papers, 399-400 
Selle, H.. 433 
Selman, R. F. W., 279 
Sdwyn, W. H., 143, 206, 2x6, 377 
Sensitive materials. 166-78 
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Sensitivity — 
centre, 13O 

of negative materials, 173-0 
of papers, 365 
specks, 132 

to colours, testing, 152-4 
Sensitization, 178 
optical, 149-5^ 

Sensitizing, dyes, 150-1 
Sensitometry, 139 
of printing, 363- 7 
of reversal emulsions, 330 j 
paper, 404-7 
Separation — 

negatives, 5O7-74 
negatives from transparencies, 571 
Sepia papers, 45O 

Sequestration of calcium salts, 197-8 
Scycwctz, A.. 233, 235. 240. 248, 255, 250, 259, 260, 

202, 290, 294, 295, 298. 301. 302, 303, 304, 311, 

3-21. 338. 33'i. 343. 34t>. 347. 3‘A 398. 399. 

428, 430, 431, 438. 439. 442, 440 
Seymour, M. W., 480 
Shading— 

m enlarging. 38O- 7 
in printing, 373-4 
ShaiUT, V (' . 27O 
Sharp, F. W., 4O3 
Shawcross. H., 450 
ShellH'rg, !•'. F . 3i(> 

Sheppard. S. ^.,'132, 134. 137, 138. 151, 23<j, 240. 243, 
244, 248. 250, 254, 2()3, 274. 288, 2<)9. 300, 340, 

491 

ShiberstoH, V. I., 247 
Shutter(s) — 
air brakes m, 9O-7 
bellows, 94 
choice of. 102 
compound, 97 
compur, ()8 

desirable characteristics, 89-90 
diaphragm, 95-8 
distortions in focaFplanc, gS-t; 
drop, 90 1 
efficiency, 88-9, 91 
escapement, 97-8 
everset, 98 
exposure settings, 90 
flap. 93-4 
focal-plane, 98-102 
guillotine, t>o-5 
positions, 87-8 
releases, 104-5 
roller blind, 91-2 
testing, 103 
Side swing, 107 
Sigristc, G., 100, 101 
Sihvonen, V., 235 
Silberstein, L., 141 
Silk, sensitizing of, 392 
Silver — 

bromide sdlvents in developers, 2G4 

developed, form of, 238 

halide solvents, 297 

iron papers, 456-7 

nitrate, 391 

potential, 240 

recovery from fixing baths, 307-10 
Sinks for darkrooms, 185-O 


Sketch photographs, 504 
Sky — 
filters, 86 
rendering, 1O3 
shades, 86 
Slide, dark, 106 

Slides (.See Dark slides and Lantern slides) 
Smethurst, P. C., 22b, 249, 461 
Smith, T.. 97. 122, 247. 253. 310. 345, 349, 504 
Snell, I M , 265 
Sobacchi, A., 482 
Soda, 269 
Sodium — 
acetate, 394 
alu inmate, 270 
bisulphite, 272 
borate, 270 
biomidc, 272 
carbonate, 2611 

. hydrosulphite developer, 256 
hydroxide, 268 9 
hyposulphite (.See Hvpo) 
mctasilicaie, 270 
phosphate, 270 
pyrophosphate, 270 
sulphide, 430 
sulphite, 271, 272 
thiosulphate (.See Hypo) 

Soft-focus, 216 7 
attachments, 8() 
enlarging, 386 

Solarization, 141 2. 144-5, 328 
Soleil, J. H. F., 224 
Solubility, 19b 
Solute, definition of, 196 
Solution, definition of, i()i> 

Solutions — 
for stock, 200-1 
pH ol, 199 

preparation of, 194 201 
Solvents for silver halides, 297 
Sources of light, 206-13 (.See also Light sources) 
quality of, 207 
Spectral sensitivity — 
of emulsions, 148-54 
of photo- voltaic cell, 22O 
Spectrum, 1, 2 
equal energy, 153 
lines, 2 ’ 

Speed — 
index, 175 

t methods of increasing, 178 
Midget flash bulbs. 2 1 1 
of negative materials, 173-O 
of papers, 365 

Spencer, D. A., 250, 312, 313, 400, 442, 454, 487 
Spiller, A., 255 
Spots — 

in negatives, 322-7 
in prints, 448 
Spotting prints, 500-1 
Sprocket-hole modulation, 253 
Staess, G., 389 
Stain, 325, 327 
images, 262 
Stand cameras, 106-15 
Standard Observer, 5 
Stands for studio cameras. 110 
Starch paste, 496 
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Star magnitudes, J4(> 

StasiH, 0,130 
Static markings, 3^4 
Static un film. lOc) 

Statuettes, photographic, 400 
Staude, H.. J43. 330 
Stauffer. 233 
Steigmann. 13.' 

Steinhed, H. A., 05 o«> 

Stenger, K . 34O 
Step wedges, calibration of, 147 
Stereograms, printing and mounting, 35 * -<» 
\^ewmg of. 539-40 
Stereoscopes, 33V-4O 
Stereoscopic — 
cameras, 546-31 
effects of large lenses, 43 
negatives, takmg, 546-51 
paper prints, 554-5 
photographs, 532 
projection, 556-0 

by alternate viewing. 550 
by complementary colours, 556 7 
by polarized light. 557-8 
of anaglyphs, 557 
screens, 558 
transparencies, 555 <1 
transposition, 534 
v'lsion, range of, 538 
Stereoscopy, 531-50 

general considerations, 531 5 
geometry and deformations, 535 
Sterr effect, 250. 408 

Stevens, <i W. W , 144, joi. 330, 33_», 423, 3o«i 

St<x;k solutions, 20<i, 201 

Stop- 

liaths, 282-3 
1>athb for pajiers, 413 
StoppiTs. 195 
Stops (Set l>iaphragms) 

Storage — 

of chemicals, 195 
of negatives. 359 
of photographic material. 202 
Story, W. E., 22O 
Stott, J. G , 242 

Strauss, P„ 290, 302, 307, 342, 40H, 434 
Streaming effects in development, 252 
Street lighting photography, 18 
Stretrt photography cameras, 113 
Strength of solution, 19^) 

Stripping of negatives. 355-f* 

Sturenberg, 344 
"Stylization'’ of prints, 427 
Subjects, brightness range of. 13 
Substratum, 133 
Subtractive — 
reduction, 343-4 
systems, 562-4 
Sudzuki, T., 294 
Sulphide — 

in developers, 261 
toning, 428-32 
toning failures. 451 
Sulphite in development, 259 -Oo 
Sulphites. 271-2 
Summati^ — 
errors, 142-3 
of exposures, 152 


i SumpncT, VV K.. 138 
Supcradditivity. 261 
Super-proportional reduction, 343-4 
! Supersensitization, 151 
; Supplementary lenses, 78-9 
' Support for emulsions, 166 
J Supports — 
j ricxible, i67-<i 
I for studio cameras, 110 
, photographic, 362 

j Surfacc>active agents (See Wetting agents) 

‘ Surface (emulsion) dei^elopment. 264 
( Sutton, 122 

Svedberg, T.. ijd. 137. 239 
! Svenonius, B., 512 
j Su'an. J. W., 463, 543 
Sweet, 300 

I Swelling of gelatine, 273 -4 
J Swift, 525 

Swing, horizontal or side, and vertical, 107 
' Swinging the camera. 102, 222 
! Synchronizers, 212-3 
' Synchroscope, 213 
' Syphon, washing, 193 

, Tablet, chemical. 201 
Tank development, 287 
Tanks, darkroom, i8H-^ 

; Tanning developers. 262 
l aylor, A H., 20O, 224 
, Tausch, IC , 278 
. Technical cameras, 110-2 
I'ccpol, 285 
Tele attachments, 79 
Telemeters. 121 
'lelephoto lenses, (h^ 71 
TelephoUigraphy, lOi 5 
' Telescopic finders. 1 2 1 
Teles tereoscopc, 533 
Teltow, T., 13O 
t Temperature — 

j coefficient of development, 254-5 
control in darkrcxims. 165 
; Templates, photographic, 507 
j Tessar, 68 
! Testing — 
j cameras, 1 28 

of developers, 276-9 
' of lenses, 75-6 

of safelights, 180-1 
shutters, 103-4 
Thermometers, darkroom, 193 
Thicx:arbonide in developers, 263-4 
Thiocyanates, 394 
'rhiourea, 395 

in developers, 263-4 
Thovert, J., 149 
! Threadgold, S. 1 >., 152 
; Threculs, camera, 113 
Time-gamma — 
curves, 282 
I relations. 244-6 
I Timc'scale, characteristic curves, 141 
I Time to scale process, 454-5 
Tinted paper bases, 362 
I Tinting, 348, 440-1 
! of prints and transparencies, 427-41 
Jintypes, 328 
I Titeik^a. R,, 461 



INDEX 


605 


Titling of negatives, 357-8 
Tone — 

compression, 387 
control of papers, 425-7 
range of positives, 363 
reproduction, 16-8, 139 -40, 303-0 
rcprcKl action of colour, 154-O5 
Toning — 
blue, 424 
by gold, 393-4 
by platinum, 39O 
by selenium, 39O-7, 432-3 
by thiourea. 395 -C> 

Cdpper, 436-7 

tiye. 437-4T 

failures. 451 
ferricyanidc, 437 
ferrocyanide, 433 5 
fixing, 397-8 
gold. 432 
of prints, 427-40 
sulphocyanide, 394-5 
sulphide, 428-32 
uranium. 435-0 
with iron, 436 
Tonnies, H. F., 220 
Toth, 265, 433 
Touchet, F., 544 
Tournemine, dc, O9 
Tournici, J, A., 547 
Traill Taylor, J., 03. O9, 24(», ji(> 

Transfer -reversal, 114 
Transmission. 7 
curves, 7, M 
definition of. 1 2 
of lenses, (ii 

'Transmittance of lens system, (>j 
T ransparencies {See also Lantern slides or diapositives) 
dev'clopment of black-tone, 41O-7 
positive, black-tone, 415-8 
stereoscopic, 555-O 
toning and tinting. 427 41 
warm-tone, 419-21 
warm-tone, development, 421 
warm-tone, exposure of, 420-1 
Transparency colour processes, 575-8 
Transposing frames, 553-4 
Transposition, stereoscopic, 534 
Traube, A 149. 437 
Trichrome carbon process, 581-2 
carbo process, 578-81 
Tri-colour filters, 569 
Triethanolamine, 269 
Trimming of prints, 492-3 
Tri-packs, 570 
Triplet lenses. 67 
Tripod threads, 113 
Tripods, 112-3, 127-8 
Tritton, F. J., 462 

Trivelli, A* P. H., 136. 141, 144. 239, 247. 248, 253, 288 
Tropical — 
keeping, 202 

processing, 285-6, 293-4, 4^3 
Tschitschibabin, A. E., 257 
TuU, A. G., 263 
Tungsten lamps, 208 
Turillon, L., 380 
Tamer, P. V., 295, 345 
Tuttle, C.. 239, 367, 407, 412 


Twin-lens cameras, 123-4 

Two-bath development, 279-80, 291-3 

Two-bath fixation, 304 

Two-colour process by ferrocyanides, 433 

Ultra-violet photography, 148-9 
Underberg, G., 491 
Under-exposure, 219 20, 284 
Universal heads, 113 
Unsharp masks, 349. 374 
Unstable chemicals, 194-5 
Uranium toning, 435-6 
Ushkoff, W. A., 143 
U S measures, 196 

Valenta, K., 3t)8, 399 
Vannier, 421 
Varnish, negative, 349 
Varnishes for negatives, 353-4 
.Varnishing prints, 498 -9 
Varo, 71 

Vectrographs, 544 
Veidenbach, V., 242 
Veil {See Fog) 

Venn, H. J P., 490 

Ventilation for darkrooms, 1K4-5 

Verain, 100 

Vertical swing, 107 

Vidal, L., 230. 2511, 331 

Vierkottcr, P , 210 

View - 

cameras, 1 10-2 
finders, 119-21 
Viewpoint, choice of, 218 
Vignetting. 39 
Villard ettect, 144, 329 
Villian, A,, 480 
Vincent, H. B„ 143 
Viney, K., 79 

Vision, binocular, 23 {See also Binocular vision) 
dark-adapted, 179 
day and night. 2 
filter, 154, 164, 218 
normal distance of, 2 1 
sharpness of, 25 
Visual photometers, 224-5 
Viterol, 266 
Vivex, 569 

Vrau, P. Feron, 526 1 

Vricna, J. A. de, 213 
Vogel, H., 149, 316 
Volute, 95 

Waddel, j. H., 252 
Wadenoyen, H. van, 162 
Wahl, O., 149 
Walker, R. D., 151 
Wall, E. J.. 433. 489 
Wallon, £., 94, 97, 120 
Walter, R., 235 
Wambsicher, M., 235 
Wandelt, H. G., 425 ' 

Wandersleb, 68 
Warmisham, 71 
Warren de la Rue, 69 
Warwick, 299, 300, 31 1 
Washing — 
apparatus for, 313 
cascade, 3x4 
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Washing (caniJ.) — 
change. 
control of, 314 
m running water. 312-3 
of negatives. 31J 
of prill t.s, 442-3 
practice of, 314 -<» 
soda. 270 
sy'^ihons, 193 
Wastz, M.. 93 
Waterhouse. J., 149, 104 
\N'aterhou*«.‘ reversal. 203 
Waterhouse «tops. 53 
Water — 

of crystallization, 194 
properties of. 197 
punlication. 197 

sequestering calcium salts. 197-1^ 
softemng. 197 
Waterston, 539 
Watkins, A . 224. 229 
Watkins factor. 245 -6 
Watkins factorial dcvclopmenl. 414 
W^att-seconds. 213 
Wavelength of light, definition. 1 
Waxing prints. 49^-9 
Weather and light intensity. 206 7 
W’caver, E A., 416 
Webb. J. H.. 136, 143. 144. 15 - 2 . 27H 
W'^edges. continuous, 139 

photographic calibration, 147 
spectrograph. 153 
step. 139 
Weigert. F , 130 
Welland, W’ F., 278, 40H 
Weinberg, Tl,. 558 

Weissberger, A.. 258, 2O1. 2O5, 208, 272 
W’elborne 1 *ijkt, 302. 303. 304. 339. 4 ^ 9 , 5 H 
W'endt. B . 235. 248 
Wet- 

carbon process, 580 
-plate processing, 295 
Wetting agents. 285 
in developers, 2O4 
Weyde. E , 252, 408, 413 


! W'eyerts, W. J.. 305, 307, 343, 430 
’ W'halen, P'. C., 229 
W'harton-'Simpson. G.. 392 
Wheatstone stereoscope. 541 
' Whilc-you -wait cameras, 114 
Whitaker, R. A.. 248 
' White, D. R., 319 
! W^ide-anglc lenses, 68 
' W-'iebking, K.. 237 
W'lener, O.. 558 
I W'lghtman, E 1 *.. 137, 239 
I W^illmans, (1., 258, 2O3 
, W'ilsey, H B., 248, 342, 417 
! Wilson, 301 
; W’^inther, C,, 377 
\ Wise. L E., 149 
. Wittum, P. W.. 290 
Wollaston, W^ H , 64 
W’ood, W'. H., 270 
W^oolven, 103 
Working-up, 131 
j of negaUves, 347-5“ 

■ Wratten. S. H., 420 
Wulff. P., 248 
Wynd. L. L. A , 507 
Wynne, (i. F , 224 

X-EXt ELl-O, 95 

; X-rays, photographic effect, 130 

I 

Ykaoley, H E , 146 
Young, 295 

Yule, J. A ( , 253, 374 
Yvon, P , 507 

/avpakaus, 423 
Zeh, W’., 149, 164 
Zeiss, 38 <i 

Zeiss Hcrotar screens, 82 
Zciss-lkoii, 100. 320 
Zelger, G., 341, 438 
Zickendraht, H., 426 
I Ziegler, 201 
Zoomar, 71 
I Zschokke, 68 




For more than 70 years Kodak research 
and manufacture have been contributing 
to photographic progress — simplifying 
photographic operations and extending 
their scope— finding new applications for 
photography — ever improving the standard 
of photographic materials. 


1880 

1888 

1890 

1891 
1896 
1899 
1909 

1913 

1914 
1916 
1918 
1920 
1923 
1928 

1932 


Some leading Kodak contributions to photography 


Eastman dry plates. 

First roll-film camera (‘Kodak'). 

First D. & P. service. 

First folding ‘Kodak’ camera. 

First daylight loading film. 

First motion-picture positive film. 

Machine for roll coating of film. 

First safety-base motion-picture film (cellu- 
lose acetate). 

First panchromatic motion-picture film. 
‘Kodak’ X-ray film. 

First coupled range-finder camera (Auto- 
graphic ‘Kodak* Special). 

* Dupli-tized ’ double-coated X-ray film. 

First self-focusing enlarger (Eastman Pro|ec- 
tlon Printer). 

First successful amateur cine process (using 
16 mm. ‘Cine-Kodak’ reversal safety film). 

‘Recordak* 16mm. commercial micro-copying 
apparatus. 

First 8 mm. amateur cine equipment and 
mm (*Clne-Kodak* Eight). 


1935 

1938 

1940 

1941 

1942 

1943 

1945 

1946 

1947 

1949 

1950 

1952 

1953 


First three-layer colour cine film (‘Koda- 
chrome *). 

First replenisher development system (Time 
Standard). 

New series of high-speed fine-grain pan- 
chromatic films (‘ Panatom ic'-X ; ‘Plus-X’ 
and Super-XX’). 

First extreme-speed infra-red materials 
(‘Kodak’ I.R.-E.R. plates and Rims). 

‘ Flurodak ’ film for miniature radiography. 
’Industrex’ and ‘Crystallex’ Industrial X-ray 
films. 

First negative-positive colour films and 
prints (‘ Kodacolor'), 

Transfer-sensitizing materials for industrial 
layouts. 

‘Kodak’ Blue Brand Ultra Speed X-ray film. 
’ Kodacolor ’ roll film. 

‘Ektachrome’ film. 

’Kodak’ Dye Transfer colour print process. 

'Ektacolor* negative-positive colour sheet film. 
Autopositive Document paper for direct 
positive copies. 

‘Flurollte’ enlarger (with annular light- 
source). 

‘Flexichrome’ print-colouring process. 
‘Ekucolor* Print Film. 

'Ektagrapti* Process for Silk-Screen 
Printing. 

* Verifax ’ document-copying proceu. 
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COLOUR PHOTOGRAPHY 
IN PRACTICE 

By D. A. Spencer, Ph.D., F.I.C., F.R.P.S. 

This book describes the fundamental principles of the subject and 
fully explains the two basic methods, the additive and subtractive, 
with an account of the processes in these two categories. The author 
describes the equipment required and gives comprehensive working 
instructions, together with sound advice on the precautions to be 
observed and the best methods to follow if satisfactory' results arc to 
be achieved. 508. net. 

book that no one senoush interested in colour photography can possibly ajwd to miss. 
It is authorttative, detailed, and thoroughly up to date, A book that everyone interested in 
photography in colour can read with enjoyment and with certainty of learning a great deal about 
the subject . — .\mateur Photographer. 

*^An exceptionally fine piece of work, and one that will remain an authoritative introduction 
and textbook for leiy many years /* — ^Journal of the Royai. PHOTO<;RAPHir. Society. 


A GUIDE TO 
COLOUR PHOTOGRAPHY 

By R. M. Fanstone, A.R.P.S. 

This book, by a noted expert on colour photography, deals with 
all the known methods and processes. The theoretical principles are 
clearly explained, but the emphasis is on the practical side and detailed 
instruction is given on choice of apparatus, exposure, processing, view- 
ing transparencies, and making colour prints. Photographers already 
experienced in colour work will learn a great deal more from this 
book, while it opens a delightful new world for the ordinary photo- 
grapher. 12S. 6^ net. 


PITMAN 


Photography in action 

The name of ILFORD stands for photography in 
action— an industry harnessed to the needs of modern 
civilisation. 

The high standard of ILFORD photographic products 
has been a powerful factor in the development of 
photography not only as a sympathetic medium for the 
creative artist but as an efficient tool with unlimited 
applications throughout the whole field of human 
endeavour. 


IN 

ART 

IN COMMERCE 

:N 

INDUSTRY 1 

IN 

SCIENCE I 

IN 

MEDICINE 

IN 

EDUCATION 



ILFOR 

Photographic Products 

ILFORD. LIMITED • ILFORD ■ LONDON 




STUDIO PORTRAIT 
LIGHTING 

By H. Lambert, F.R.P.S. 

A valuable work by a well-known portrait photographer. 

The illustrations are an extremely helpful feature of the work, and 
the variety of articles taken under various forms of lighting are of 
real assistance to the reader. 

In each case the author explains how the result has been obtained. 
2 X 8 . net. 

. . there u probably no one so well qualifi^l io be tiu atUhor of a work an this subject.** 
— British Journal op Photography. 

THE 

AMATEUR PHOTOGRAPHER’S 
HANDBOOK 

By Aaron Sussman. Revised by Bruce Downes. 

One of the most comprehensive books ever written to help the 
amateur photographer. Packed with up-to-the-minute information, it 
explains the basic principles of photography, describes the latest types 
of equipment and their uses, and gives helpful hints and suggestions 
for every kind of work, including colour photography. The book is 
profusely illustrated with reproductions of photographs **plain and 
coloured” — ^as well as some showing how not to do it. 258. net. 

** There is a tremendous amount of irformation in the book ** — ^British Journal of 
Photooslaphy. 

**A truly monumental work ** — Evening News. 


PITMAN 



WIHSOR & HEWTOM’S 


materials for the photographer 


2‘Og. (a. cap.) GUM fou.... 
4-oz. (fl. cap.) „ „ ... 


Each II. 3d/ 
N ai. 3d.* 


* Sufy'ict to Punhase Tax 

SIZING auiD 

For improving richness of shadows and bringing out detail 
on mat surface pipers. 

2>oz. (fl. cap.) Bottlci Bach II. pd. 

RETOUCHING MEDIUM 

For preparing photographs for pencil work. 

x-oa. (fl. cap.) Bottlei Bach Xi. od. 

PHOTO ENGRAVERS COLOURS 
A range of extremely opaque and smooth flowing Water 
Colours^ drying with a flat surface and particularly Arm 
outline, which have been specially prepared for retouching 
photo^phi and drawings intended for Process Reproduc- 


No. 8 (Dble. 4-in.) Tubei 


All Winior dt Newton's products, whether for the phoiogr^her or the artist, are 
of the highest quality obtainable. In case of difficulty write {<a name and address of 
neaiest stockist, and also ftiU details of the complete range of products and prioH. 
Pfieea quoted are operative inOt. Britain and N. Ireland at tlmeof publicadoofipsi). 

VPISSOR A* NBWTOSLTD,, WoaUitotu, Harrow^ Middkttx. Abo at Sow Ymrh axi 







FROM EYE TO CAMERA 

By Ray Bethers. 

A book of creative photography. It contains a series of related 
pictures, some of which arc paintings, specially chosen to assist the 
photographer to make his own pictures in his own way, and to help 
clarify many ideas of picture construction common to both painting 
and photography. 15ft. net. 


RETOUCHING AND FINISHING 
FOR PHOTOGRAPHERS 

By J. Spencer Adamson. 

This book is written for professional photographers and keen 
amateurs who wish to know the latest methods and processes which 
are available for the retouching of photographic negatives and prints. 
6s* net. 

PHOTOGRAPHIC CHEMICALS 
AND CHEMISTRY 

By J. SouTHwoRTH and T. L. J. Bentley, D.l.CI., A.R.C.Sc. 

Deals with the principles and theory of photographic processes, 
and ex]^ins clearly and fully the phenomena underlying the develop- 
ment, fixing, and after treatment of photographic plates, films, and 
papers. 8s. 6d. net. 


LENS WORK FOR AMATEURS 

By Henry Orford. Revised by A. W. Lockett. 

This book deals with the grinding, finishing, setting, testing, and 
computing of lenses, with tools which can made at home by 
anyone with a knowledge of turning. i2s. 6d. net. 
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To be as sound in practice as 
in theory will depend to a great extent on the quality of 
the materials selected for use. There is a film, plate or 
paper for every photographic purpose in the Gevaert 
range of photographic products — roll films, studio films, 
miniature films, cine films, plates, papers — a range so 
comprehensive that in papers alone there are 23 surfaces, 
and 33 varieties of from 2 to 6 degrees of contrast. The 
keen photographer will choose Gevaert materials to en- 
sure the highest practical reward for his efforts. Obtain- 
able from all good photographic dealers. 



GEVAERT LIMITED • ACTON LANE • HARLESDEN • N.W.10 




Johmon 

Chemicals 


Johnsons of Hendon have been conneaed 
with the manufacture of photographic 
chemicals for over a hundred years. 
Commercial, scientific, and amateur photo- 
graphers all over the world use Johnson 
Chemicals and value them for their con- 
stant reliability and exact composition. 
You can always rely upon satisfactory 
results with JOHNSON SCALES BRAND. 


DCViLOPens DevcLOPeits 
IN SOLUTION IN POWDES 


OTHER 

PRODUCTS 


AZOL 

BROMIDE 

CAMTOL 

CHLORQUINOL 

CONTRAST 

MERITOL-METOL 

UNITOl 

UNIVERSAL 


AMIDOL COLLODIONS 
BROMIDE COLOUR SCREENS 
DEVELOPER 468 GOLD CHLORIDE 
FINE GRAIN SILVER NITRATE 
MERITOL.METOL DRIED HYPO 
METOL-QUINOL SODIUM SALTS 
M-O PRINT AMM.aPOT.SALTS 
X-RAY LITMUS PAPERS 


JOHNSONS OP HINDON Lm 

LONDON ' MANCHESTER * GLASGOW 
Ettabllshed 1743 



